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ABSTRACT 

Inflammation plays a central role in the pathogenesis of asthma. Glucocorticoids 

are first line antiinflammatory therapy in the treatment of asthma and are effective 

inhibitors of inflammatory cytokines. Clinical data demonstrate that granulocyte-

macrophage colony-stimulating factor (GM-CSF) production by airway epithelial cells 

may be an important target of inhaled glucocorticoid therapy. In this study, the regulatory 

mechanisms of GM-CSF expression by interleukin-ip (IL-l(3) and the synthetic 

glucocorticoid dexamethasone (DEX) were examined in the BEAS-2B human bronchial 

epithelial cell line. It is hypothesized that glucocorticoids inhibit GM-CSF production in 

these cells through transcriptional mechanisms involving induction of the NF-kB 

inhibitory protein. IicB-a. 

Treatment of the BEAS-2B cells with IL-ip induced GM-CSF protein and mRNA 

levels, and further investigation showed this induction was mediated through 

transcriptional mechanisms. DEX treatment of BEAS-2B cells inhibited IL-1 P-induced 

GM-CSF protein and mRNA production. GM-CSF mRNA was rapidly degraded in these 

cells, and DEX treatment did not significantly affect this decay rate. These data suggest 

that dexamethasone repression of GM-CSF expression is mediated predominantly 

through transcriptional mechanisms. 

This study then examined expression of IicB-a in the BEAS-2B cells as a possible 

mechanism of glucocorticoid repression of GM-CSF. iKB-a RNA levels were minimally 

induced by DEX in these cells, but this did not result in concurrent induction of IxB-a 

protein. Additional analysis showed that DEX treatment of BEAS-2B ceils did not 
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prevent nuclear translocation of the NF-kB subunit p65, or IL-1 P-induced degradation of 

iKB-a protein. From these data, this study concludes that induction of IicB-a is not a 

significant mechanism of glucocorticoid-mediated repression of GM-CSF in the BEAS-

2B ceils. 
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CHAPTER 1 - INFLAMMATION IN ASTHMA: WHAT'S INVOLVED? 

I. Asthma: Inflammatory Cells and Cytokines 

Over the last two decades, the public focus on the respiratory disease asthma has 

increased dramatically. This is largely attributed to substantial increases in asthma 

prevalence and rising mortality rates that are occurring worldv/ide. despite advances in 

understanding asthma pathogenesis and the use of effective pharmacological agents to 

treat asthma. It is reported that more than 5% of adults and up to 10% of children 

experience asthmatic episodes [1]. In recent years, asthma has been defined as a chronic 

inflammatory disorder of the airways characterized by reversible obstruction of airflow, 

severe airway inflammation caused by multiple cell types, and airway 

hyperresponsiveness to various stimuli [2]. Symptoms of asthma include coughing, 

shortness of breath and wheezing that result from chronic inflammation in the airv^ays. 

The airways are edematous and the lumen is occluded with excessive mucus from goblet 

cells and mucosal glands [3]. There is also infiltration of the lung tissue by numerous 

inflammatory cell types that secrete cytokines and other inflammatory mediators that 

amplify the airway inflammation and damage lung tissues. With this knowledge, research 

efforts have focused on determining the cellular and molecular mechanisms of 

inflanunatory cell and cytokine actions in asthma pathogenesis. Several important cell 

types and cytokines involved in asthma will be discussed briefly in this introduction. 

Extensive discussion is found in several recent reviews [4,5,6]. 
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Mast cells are important in mediating the initial inflammatory response that 

occurs when allergens and other noxious stimuli enter the lungs. In biopsy studies done 

on individuals with recently acquired asthma, mast cell counts were increased in both 

lung tissues and lavage fluid [7]. Mast cells contain high-affinity receptors for 

immunoglobulin E (IgE) on their surface and are activated by IgE antibodies binding to 

these receptors [8]. They can also be activated directly through interactions with other 

cytokines and chemokines, and in response to encounters with noxious stimuli. Upon 

activation, mast cells secrete a variety of cytokines, chemokines and chemoattractants. 

such as tumor necrosis factor-alpha (TNF-a) and interleukins (IL) -1. -3, -4, -5 and -6. 

that amplify and enhance the inflammatory response [9]. These inflammatory mediators 

are found in lavage fluid fi-om chronic asthmatics [10]. Mast cells also release histamine 

and leukotrienes which cause contraction of airway smooth muscle, obstruct airflow, and 

can undergo degranulation resulting in damage to the airway tissues [11,12]. An m vivo 

study correlated increased histamine concentration in lavage fluid firom asthmatics 

directly with bronchial hyperresponsiveness following methacholine challenge [13]. 

Together, these data indicate that mast cells are activated in asthma and contribute to the 

inflammatory process. 

A classic characteristic of asthma is severe eosinophilia in both the lungs and 

peripheral blood [14]. An m vivo study showed that the number of eosinophils found in 

airways correlates to asthma severity and hyperresponsiveness [15]. Another in vivo 

study using bronchial biopsies demonstrated that eosinophils are recruited to the lung of 

asthmatic patients following antigen challenge [16]. Eosinophils migrate to the airways in 
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response to chemoattractants such as platelet-activating factor (PAP), granulocyte-

macrophage colony-stimulating factor (GM-CSF), IL-3 and IL-5 that also serve to 

activate them and prolong their lifespan [17,18,19,20]. Eosinophils themselves can also 

produce GM-CSF and IL-3 suggesting that they can establish an autocrine feedback loop 

to maintain their survival once they have been activated [21]. Eosinophils enter the 

airways via interactions with adhesion molecules located on the vascular endothelium. 

Several cytokines such as IL-5 and IL-1 have been shown to up-regulate the synthesis of 

endothelial cell adhesion molecules [22]. In the airways eosinophils release toxic 

mediators through secretion and degranulation, such as major basic protein, eosinophil 

p^oxidase and oxygen radicals, that damage the airway epithelium and hinder mucus 

clearance [23,24]. These date establish an important role for eosinophils in contributing 

to epithelial cell damage, mucus accumulation and inflammatory cell infiltration seen in 

asthmatic airways. 

Another cell type that has recently been established as a key player in asthmatic 

inflammation is type 2 T-helper lymphocytes (TH2 cells). T-lymphocytes were first 

identified in bronchial biopsies of asthmatic patients [16,25]. Later work demonstrated 

that the T-lymphocyte population in asthma is predominantly composed of the TH, 

subtype [26]. TH2 cells mainly produce the cytokines IL-4 and IL-5, known to be 

important in the development of allergic inflammation, partially through regulation of 

eosinophils [27,28]. IL-4 induces immunoglobulin isotype switching firom 

immunoglobulin M (IgM) to IgE. The switch from IgM to IgE is important in asthma 

pathogenesis because IgE is responsible for the acute inflammation observed in skin 
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reactions caused by allergens [29], and has been linked to airway hyperresponsiveness in 

asthmatic children [30]. Antigens can complex with IgE antibody on the surface of 

inflammatory cells, such as mast cells and basophils, and activate them to release their 

chemical inflammatory mediators resulting in airway edema [6,8,24]. There is some 

evidence that T-lymphocytes can contribute to the eosinophilia seen in asthma through 

the production of cytokines, such as GM-CSF and IL-5, that have the ability to attract, 

prime, and enhance the survival of eosinophils [31,32]. TH^ cells also have the capacity 

to retain memory of their antigen encounters, indicating a role for TH^ cells in mediating 

chronic asthmatic inflammation. 

As noted, the cytokines produced by these cells involved in asthma are important 

in initiating and maintaining the acute and chronic inflammation seen in asthma. Many of 

them can up-regulate production of adhesion molecules on the surface of vascular 

endothelial cells lining the airways, and are themselves chemoattractant for the cell types 

discussed [24]. These functions mediate the massive infiltration of eosinophils, 

lymphocytes and neutrophils seen in lavage fluid and sputum from asthmatic patients. In 

turn, these inflammatory cells in the airways will contribute to the excessive mucus 

secretion, constriction of the airway smooth muscle, and damage to the airway tissues 

observed in acute and chronic asthma. 

II. Asthma and the Airway Epithelium 

The airway epithelium is a continuous layer of multiple cell types that line the 

airway lumen. During fetal development of the lung, the airway epithelium is important 
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as a secretory organ for fluid and surfactant. At birth it begins to serve multiple other 

functions designed to protect the airways and maintain normal lung function. The first of 

these functions is as an impermeable barrier to the external environment for particulates, 

gases and infectious organisms that enter the airways upon inhalation [33]. The apical 

surface of the epithelium forms tight junctions that prevent inhaled particulates and 

molecules from contacting the basolateral surface of the epithelium and other internal 

tissues. The tight junctions are also important in preventing interstitial fluid from leaking 

into the airway lumen and obstructing airflow [33]. The epithelium also lines the ducts of 

the submucosal glands, and is mainly composed of serous and mucous cells in this area 

that perform secretory fimctions. Upon exposure to noxious stimuli, these cells secrete 

mucus into the liunen that serves to trap particulates and infectious organisms and limit 

cellular contact with these invaders [33]. One of the prominent cell types that compose 

the apical surface of the airway epithelium are ciliated epithelial cells. These cells 

function to transport mucus from the airways by rhythmic, co-ordinated beating of their 

cilia that propels the mucus up the respiratory tract into the oropharynx for clearance 

[33]. Another of the important functions of the airway epithelium involves secreting a 

number of defense substances that protect the airways from infection and damage. The 

airway epithelium can secrete lactoferrin, lysozyme, complement factors, and secretory 

immunoglobulin A that have direct antimicrobial and antiviral properties [34,35,36]. 

Lactoferrin, along with transferrin, also plays a role as an antioxidant by binding Fe^*, the 

rate-limiting component in the formation of hydroxyl radicals by the Haber-Weiss 

reaction [33]. The airway epithelium can also release a variety of antiproteases that 
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protect the lung tissues from damage mediated by proteases released from inflammatory 

cells [33]. All of these flmctions serve to maintain and protect pulmonary homeostasis. 

In asthma, pulmonary function is compromised by severe inflammation in the 

lung tissue, excessive mucus secretion into the airspaces, and airway constriction induced 

by bronchospasm of the smooth muscle surrounding the airways. Considerable evidence 

has emerged over the past decade that suggests the airway epithelium is intimately 

involved in this pulmonary dysfunction. Research has shown that the airway epithelium 

can mediate and participate in asthmatic inflammation via several mechanisms. First, the 

airway epithelium has the ability to recruit inflammatory cells to the lungs by secreting 

chemokines in response to noxious stimuli that are chemoattractant to inflammatory cells. 

IL-8 is released from the airway epithelium and is important in mediating neutrophil 

activation and chemotaxis [37,38]. IL-8 has also been identified in sputum from patients 

with airway inflammation [39]. In addition, enhanced secretion of lL-8 was found in 

explants of primary epithelial cells taken from atopic asthmatics, and its secretion 

mediated T lymphocyte chemotaxis [40]. Airway epithelial cells will secrete IL-8 in 

response to infection by influenza type A and respiratory syncytial virus, and in response 

to noxious gases, such as ozone and nitrogen dioxide, and asbestos particulates [41 ]. 

Also, other cytokines such as IL-ip and TNF-a can induce bronchial epithelial cell 

release of IL-8 [41]. In addition to IL-8, other chemokines such as RANTES (regulated 

on activation, normal T-cells, expressed and secreted) and monocyte chemotactic protein-

1 (MCP-l) are released by epithelial cells and are chemoattractant for eosinophils and 

neutrophils [42,43,44]. MCP-l has been identified in bronchial epithelial cells and 
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bronchial smooth muscle cells derived from bronchial biopsies taken from asthmatic 

subjects [45], Another possible link to asthma is the ability of MCP-1 to attract T-

lymphocytes [46], Airway epithelial secretion of MCP-1 can be induced by smoke and 

endotoxin [44], 

Second, the airway epithelium can contribute to airway inflammation by secreting 

inflammatory cytokines and inflammatory mediators. IL-6 is an important cytokine 

produced by airway epithelial cells [47]. IL-6 can induce B cells to produce 

immunoglobulins, induce T lymphocyte proliferation, and enhance IL-4 and T cell 

dependent IgE production [48,49]. These functions of lL-6 would suggest it is important 

in asthma, as IgE production is associated with the asthmatic phenotype. IL-6 can also be 

linked to asthmatic inflammation through its ability to induce airway epithelial cells to 

hypersecrete mucin [50]. Mucin is a sticky glycoprotein that can trap particulates entering 

the airways. Airway epithelial cells will secrete IL-6 in response to respiratory syncytial 

viral infections, bacterial products, histamine, ozone, and TNF-a [41]. TNF-a and IL-1 

can amplify inflammation by activating and stimulating both inflammatory cells and cells 

of the airways themselves. Both of these cytokines can induce endothelin-1 secretion 

from airway epithelial cells that can cause bronchoconstriction [51]. These two cytokines 

can also induce the secretion of mucin [52,53], contributing to mucus accumulation in the 

airways, and up-regulate the expression of adhesion molecules on the airway epithelial 

cell surface, that results in enhanced inflanmiatory cell recruitment to the airways [54]. 

These data discussed in the previous paragraphs provide evidence for involvement of the 

airway epithelium in asthmatic airway inflammation. 
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III. GM-CSF and Its Role in Asthma 

Another cytokine important in asthmatic inflammation is GM-CSF. GM-CSF 

belongs to a class of cytokines that were named for their ability to induce differentiation 

and proliferation of hematopoeitic cells. Later research showed that GM-CSF had other 

functions within the immune system, and that these functions play a role in asthmatic 

inflammation. GM-CSF is secreted from multiple cell types including mast cells, 

fibroblasts, lymphocytes, and, of particular interest, epithelial cells [55]. Primary cultures 

of hiunan tracheal epithelial cells and bronchial epithelial cells were found to secrete 

GM-CSF when stimulated with histamine or IL-1 [56,57]. A later in vivo study detected 

GM-CSF in bronchial epithelial cells from mucosal biopsies of asthmatic patients [58], 

Increased concentrations of GM-CSF were also identified in bronchoalveolar lavage fluid 

from atopic asthmatics following allergen challenge [59]. These data established GM-

CSF as an important cytokine in asthma. 

Another link to asthma was identified when it was reported that IL-4 and lL-13 

could stimulate primary cultures of human bronchial epithelial cells to increase GM-CSF 

production [60]. IL-4 is primarily produced by THj lymphocytes, whose role in asthmatic 

inflammation has been previously discussed in this chapter. TH, lymphocytes are also 

linked to asthma through their production of inflammatory cytokines, including GM-CSF 

[31]. Also, increased levels of GM-CSF mRNA were identified by in situ hybridization in 

CD4 cells isolated from peripheral blood of asthmatic subjects [61]. These cells also 

showed increased expression of IL-4 and IL-5 mRNA, indicating a TH2 pattern of 

cytokine expression [61]. In addition, culture supematants from these cells could promote 
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significantly increased survival of eosinophils, suggesting a concurrent increase in GM-

CSF protein secretion [61]. These data indicate that TH^ lymphocytes can both produce 

GM-CSF, and stimulate epithelial cells to secrete GM-CSF. It also suggests that GM-CSF 

secretion from both airway epithelial cells and TH2 lymphocytes is important in 

mediating airway inflammation observed in asthma. 

One of the hallmark functions of GM-CSF, related to asthmatic inflammation, is 

its ability to activate and prolong the survival of eosinophils [62,63]. A study by Adachi 

et.al. showed that sputum from asthmatic patients can increase eosinophil survival, and 

this function can be attributed primarily to GM-CSF, and not IL-5, in the sputum [64]. 

These results correlate with the results of another study where cytokine levels were 

monitored in allergic asthmatics by bronchoalveolar lavage for 16 days following 

segmental ragweed challenges on the first and second days [65]. GM-CSF levels were 

significantly elevated on the second day and remained elevated for the remainder of the 

study, whereas IL-5 levels were elevated on the second day, but then returned to basal 

levels [65]. These results suggest that GM-CSF is important in both acute and chronic 

asthmatic airway inflammation, and plays a greater role in its development than IL-5. 

Eosinophil involvement in asthma was discussed previously in this chapter. These data 

suggest that GM-CSF is the important factor in mediating the prolonged eosinophilia 

observed in asthma. Interestingly, a toxic mediator produced in the airways by 

eosinophils, eosinophil peroxidase, has been demonstrated to stimulate the release of 

GM-CSF fi-om human bronchial epithelial cells [66]. This further suggests that 

eosinophils require GM-CSF for their involvement in asthma. GM-CSF production by 



bronchial epithelial cells was also demonstrated to activate and prolong the lifespan of 

neutrophils [67]. Together, these studies further establish the importance of GM-CSF in 

the development of asthmatic inflammation. 

It should be clear from this chapter that asthma is a complex disease involving 

many types of cells and a whole spectrum of cytokines and inflammatory mediators. 

Figure 1.1 shows a diagram that summarizes much of the information discussed in this 

chapter. Cytokines and inflammatory mediators are released from the airway epithelium 

and resident mast cells in the airways, in response to noxious stimuli entering the lungs 

on inhalation, which will activate and recruit inflammatory cells to the lung. In turn, the 

inflammatory cells produce their own cytokines and mediators to develop an 

inflammatory response characteristic of asthma. 
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Figure 1.1. Airway Inflammatory Events. Diagram summarizing the cascade of cell 
and cytokine interactions that lead to airway inflammation following inhalation of 
inflammatory stimuli. 
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CHAPTER 2 - GLUCOCORTICOIDS AND THEIR INfflBITORY ROLE IN 
ASTHMATIC INFLAMMATION 

I. Glucocorticoid Therapy in Asthma 

The most efficacious pharmacological agents available for treating chronic 

asthma are the glucocorticoids. The effectiveness of the glucocorticoids is a result of their 

ability to reduce airway inflammation and reduce airway hyperresponsiveness to noxious 

stimuli. Glucocorticoids are given to patients systemically to treat acute exacerbations of 

asthma and severe chronic asthma. They are also preferentially administered via the 

inhaled route to reduce systemic side effects. Glucocorticoids on the market for clinical 

use are analogs of endogenous glucocorticoids produced in the human body [68]. Figure 

2.1 shows the structure of Cortisol, the endogenous glucocorticoid, and beclomethasone 

diproprionate, a commonly used inhaled glucocorticoid. When glucocorticoids are 

administered to asthmatic patients, they relieve the symptoms of asthma through multiple 

interactions with the cells and cytokines that mediate the symptoms. The molecular 

mechanisms by which glucocorticoids mediate their antiinflammatory effects are not 

completely understood. In this chapter, glucocorticoid interactions with various cell types 

and cytokines will be briefly discussed, and then possible molecular mechanisms through 

which these interactions occur will be presented. 
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CH3 

CH 
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CH 

Beclomethasone Diproprionate 

Figure 2.1 Glucocorticoids. Structure of the endogenous glucocorticoid, Cortisol, and 
the synthetic analog, beclomethasone diproprionate. 

The major antiinflammatory mechanism of glucocorticoids is inhibition of 

cytokine production by inflammatory cells and lung cells. In both in vitro and in vivo 

studies investigating glucocorticoid mechanisms of action, glucocorticoids inhibit a 

number of cytokines. An important group of cytokines inhibited by glucocorticoids are 

those that attract, activate and promote eosinophil survival. In asthmatic patients, levels 

of GM-CSF were significantly reduced in the bronchial epithelium following treatment 

with inhaled beclomethasone diproprionate [58]. This reduction was directly correlated to 

improvement in the patients' forced expiratory volume and decreased responsiveness to 
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carbachol [58]. In correlation with this study, GM-CSF levels were significantly 

decreased in bronchial epithelium biopsies taken from asthmatics following a four month 

course of treatment with beclomethasone diproprionate [69]. GM-CSF production is also 

inhibited by glucocorticoids in primary cultures of human bronchial and tracheal 

epithelial cells [56,63,70]. hihibition of GM-CSF production in cultures of bronchial 

epithelial cells directly prevented enhanced survival of eosinophils [63], In addition, this 

study showed that pretreatment of eosinophils isolated from peripheral blood with 

glucocorticoids prevented enhanced eosinophil survival induced by human recombinant 

GM-CSF [63]. These results demonstrate that glucocorticoids can affect eosinophils 

directly, as well as the airway epithelial cells. This correlates with results from another 

study examining enhanced eosinophil siurvival [71]. In this study, glucocorticoids 

prevented enhanced survival of the eosinophils when they were treated with vascular 

endothelial cell supematants, and with recombinant human GM-CSF [71], In addition to 

GM-CSF, the production of IL-5, a strong chemoatfractant for eosinophils, is also 

inhibited by glucocorticoids. Reduced levels of IL-5 were found in bronchoalveolar 

lavage fluid from asthmatics treated with glucocorticoids [72], and glucocorticoids 

inhibited IL-5 gene expression in peripheral blood mononuclear cells stimulated with 

phytohemagluttinin and a phorbol ester [73]. Together, these data indicate that inhibition 

of cytokines that mediate enhanced eosinophil survival is important to the 

antiinflammatory actions of the glucocorticoids. 

Other cytokines involved in asthmatic inflammation are also inhibited by 

glucocorticoids. Inhibition of IL-4 protein and mRNA levels from human lymphocytes by 



27 

glucocorticoids has been demonstrated [74], In addition, glucocorticoids can inhibit 

antigen-induced proliferation of both TH, and TH2 lymphocytes isolated from peripheral 

blood of antigen-challenged individuals [75]. This study also showed that the expression 

and protein secretion of IL-4. IL-5 and IL-13 was downregulated in the TH, and THj 

lymphocytes [75]. An in vivo study also showed decreased levels of IL-4 in 

bronchoalveolar lavage fluid from asthmatics treated with glucocorticoids [72]. Inhibition 

of IL-6 production by glucocorticoids from human lung fibroblasts has also been 

demonstrated [76], glucocorticoid treatment reduced the release of IL-6 from epithelial 

cells obtained from bronchial biopsies of asthmatic airways [77]. The cytokines that 

amplify inflammation, IL-1 and TNF-a, are also inhibited by glucocorticoids in several 

cell types [78]. 

Chemokines are another important class of inflammatory mediators inhibited by 

glucocorticoids. Studies have shown that RANTES protein and mRNA expression from 

human lung epithelial cells is inhibited by glucocorticoids [42,79]. The production of 

another chemokine, IL-8, from primary cultures of human airway epithelial cells is 

inhibited by glucocorticoids [80]. IL-8 levels were also inhibited by glucocorticoids in 

epithelial cells obtained from bronchial biopsies of asthmatic airways [77]. Inhibition of 

chemokine and cytokine production will result in a decrease in the number of 

inflammatory cells infiltrating lung tissues. This correlates with decreased numbers of 

inflammatory cells that have been reported in several studies done with asthmatics treated 

with inhaled steroids [69,81,82]. Djukanovic et.al. reported significant decreases in 

epithelial and mucosal mast cells, eosinophils, and submucosal T lymphocytes following 
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glucocorticoid treatment [81]. Another study found evidence of decreased T lymphocyte 

activation, as evidenced by decreased markers of T cell activation, in cells isolated from 

bronchoalveolar lavage of patients treated with inhaled beclamethasone diproprionate 

[83]. Taken together, the data presented in this section establish that inhibition of 

cytokine and chemokine production by inflammatory cells, and cell types in the lung, is 

an important mechanism of glucocorticoid antiinflammatory action in asthma. 

II. Glucocorticoids: Molecular Mechanisms of Activation and Repression 

Over the past decade, the molecular mechanisms of how glucocorticoids both 

enhance and repress gene expression have been intensely studied. An accepted model has 

been established for the mechanisms of glucocorticoid-induced gene activation. 

However, in treating the inflanmiatory symptoms of asthma, glucocorticoid repression of 

gene activation is more important. The molecular mechanisms of glucocorticoid 

inhibition of cytokine and chemokine production are not clearly understood, but over the 

past decade several possible mechanisms have been proposed. In this introductory 

section, both the accepted mechanism of glucocorticoid-induced gene activation and the 

proposed mechanisms of glucocorticoid repression of cytokines and chemokines will be 

briefly discussed. 

Glucocorticoids are lipophilic steroid molecules that can passively diffuse across 

the cell membrane. The receptors that bind glucocorticoids are located in the cytoplasm, 

and are inhibited from nuclear translocation by association with several heat shock 

proteins and an immunophilin protein [84], The heat shock and immunophilin proteins 
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also function to keep the glucocorticoid receptors (GR) in the structural conformation 

required for ligand binding [85]. When glucocorticoid ligands enter the cytoplasm and 

bind to GRs, the heat shock and immunophilin proteins dissociate from the activated 

receptor, allowing it to undergo nuclear translocation [84]. The activated receptors will 

form homodimers that bind to DNA sequences, termed glucocorticoid response elements 

(ORE), in gene promoter and enhancer regions [84]. The GR itself consists of distinct 

domains that are responsible for specific flmctions. It contains a hormone-binding domain 

that mediates the interaction between the GR and glucocorticoids ligands, a DNA-binding 

domain that mediates the interaction of the GR with the GRE, and an amino-terminal 

domain that is important in transcriptional regulation of target genes [84,85]. The GR 

homodimers appear to interact with the transcriptional activation complex and co-

activators to regulate gene expression [85]. Figtore 2.2 shows a diagram of the events 

leading to glucocorticoid activation of gene transcription. The activated GR homodimers 

are responsible for regulating both activation and repression of target genes. 
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Figure 2.2. Glucocorticoid Transcriptional Activation. Glucocorticoids diffuse across 
the cell membrane and bind to glucocorticoid receptors (GR), resulting in dissociation of 
the heat shock chaperone proteins (hsp). The activated glucocorticoid receptors can then 
form homodimers and translocate into the nucleus where they bind to glucocorticoid 
response elements (GRE) in the promoter regions of target genes. The glucocorticoid 
homodimers interact with the transcription initiation complex and regulate transcriptional 
activation. 

Glucocorticoid inhibition of cytokine and chemokine production is well 

documented in the literature, but the actual molecular mechanisms by which this 

inhibition occurs are unknown. There have been several mechanisms proposed over the 
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past decade that can result in glucocorticoid-targeted gene repression. The first of these 

mechanisms involves activated GRs binding to response elements called "negative" 

glucocorticoid response elements (nGRE) and "composite" GREs. Negative GREs are 

sequences in the promoter regions of target genes that differ from positive response 

elements in sequence, and in that transcription is enhanced in the absence of receptor 

binding. A nGRE was identified in the promotor of the bovine prolactin gene [86], and 

several nGREs were identified close to the IL-6 gene promoter region [87]. Composite 

GREs consist of glucocorticoid binding elements that overlap with response elements 

binding transcription factors. Binding of activated GRs to these sites prevents 

transcription factor binding and results in decreased gene transcription. Composite GREs 

were identified in the promoter regions of several genes including the proliferin gene, the 

phosphoenolpyruvate carboxykinase gene, and the c-fos gene [88,89,90]. This was also 

investigated using engineered chimeric constructs of the activator protein-1 (AP-1) 

transcription family and a composite GRE upstream of a reporter gene [91]. The 

identification of both of these promoter elements suggests that glucocorticoids can 

regulate cytokine gene transcription at the level of transcription. 

The second mechanism involves glucocorticoid-mediated post-transcriptional 

regulation of mRNA transcripts. There is some evidence that glucocorticoids can 

decrease the stability of mRNA transcripts, resulting in decreased levels of protein. This 

has been demonstrated with the lL-6 gene. Zitnik et.al. showed that glucocorticoids could 

decrease the half-life of IL-1-induced IL-6 mRNA transcripts in human lung fibroblasts 

by 50% [76]. Glucocorticoids have also been demonstrated to decrease the stability of IL-
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ip and interferon-P mRNA transcripts [92,93]. Ristimaki et.al. also showed that in 

addition to regulating cytokine genes by mRNA destabilization, glucocorticoids can 

regulate other genes in this manner [94]. In this study, glucocorticoids down-regulated 

production of cycIo-oxygenase-2 via post-transcriptional mRNA instability in a lung 

fibroblast cell line [94], These data suggest mRNA destabilization is an important 

mechanism of glucocorticoid-mediated gene inhibition. 

The last mechanism by which glucocorticoids can inhibit gene expression is 

though interaction with transcription factors. The transcription factor AP-1 is involved in 

transcriptional activation of many genes, including cytokine and chemokine genes, and 

has been shown to interact with the activated GR through protein-protein interactions. 

AP-1 is typically a heterodimer of the c-Fos and c-Jun proteins that upon activation binds 

to AP-1 consensus sequences in DNA resulting in gene transcription. Yang-Yen et.al. 

demonstrated a direct interaction between the c-Jun protein and GR that resulted in 

mutual inhibition of their DNA binding fimctions [95]. In correlation with this result, 

Schule et.al. showed that c-Jun can interfere with GR binding to the GRE [96]. This study 

also showed that the leucine zipper of c-Jun is required for this interference [96]. The 

leucine zipper is the region where AP-1 components interact to form dimers. This 

suggested the possibility that GR also was able to interact with this region in a protein-

protein fashion. 

The transcription factor nuclear factor-icB (NF-KB) is also involved in 

transcriptional activation of multiple genes, and has been shown to interact with the 

activated GR through protein-protein interactions. NF-KB is traditionally a heterodimer 
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of two subunits, termed p65 and p50, that bind to NF-KB response elements in gene 

promoters and activate transcription. Studies have shown the glucocorticoids can inhibit 

NF-KB signaling [97,98]. Scheinman et.al. presented evidence that glucocorticoid 

inhibition of NF-KB signaling was the result of a protein interaction between NF-KB and 

GR [98]. Ray et.al. further demonstrated that the p65 subunit of NF-KB can form a 

protein interaction with GR [99]. Together, these data illustrate a mechanism for 

glucocorticoid inhibition of gene transcription via direct protein interactions with 

transcription factors. 

Following these results, another mechanism by which glucocorticoids could 

interfere with transcription factor signaling was identified. This mechanism involved 

glucocorticoid-mediated induction of transcription factor inhibitory proteins. The NF-KB 

transcription factor is prevented from undergoing nuclear translocation, until activated, in 

a manner similar to GR. A group of proteins, termed NF-KB inhibitory proteins (IKB), 

bind to the nuclear localization sequence of the NF-KB subunits, and keep NF-KB 

sequestered in the cytoplasm [100]. Inhibitory activity by iKB-a was demonstrated to be 

mediated through the p65 subunit [101]. NF-KB activation signals induce 

phosphorylation of IKB-a and it dissociates fi-om the NF-KB complex allowing NF-KB to 

undergo nuclear translocation [102]. iKB-a is also ubiquitinated which targets it for rapid 

degradation by the proteosome pathway [103,104]. Once in the nucleus, NF-KB can bind 

to NF-KB consensus sequences in the promoters of target genes. Figure 2.3 illustrates the 

activation events that lead to NF-KB transcriptional activation. Studies showed that 



glucocorticoids can inhibit NF-kB signaling by upregulating the expression of iKB-a in 

both Jurkat T-cells and HeLa cells [105,106]. Induction of iKB-a would potentieilly 

produce an excess of IicB-a protein that would bind any active NF-KB complexes, 

reducing its availability for transcriptional activation. Both mechanisms of glucocorticoid 

inhibition of NF-KB signaling discussed in this section are potential mechanisms of 

glucocorticoid-mediated cytokine inhibition. 
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Figure 2.3. The NF-KB Signaling Pathway. Cellular stimulation by inflammatory 
stimuli or cytokines, such as IL-1 or TNF-a, can activate the NF-KB signaling pathway. 
NF-KB is sequestered and kept inactive in the cytoplasm by inhibitory proteins such as 
IKB-a. Upon activation, IKB-C is phosphorylated and ubiquitinated, wiiich results in its 
dissociation from NF-KB and subsequent degradation. The active NF-KB complex can 
then U-anslocate into the nucleus and activate gene transcription. 
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III. Hypothesis 

In this chapter, the effectiveness of glucocorticoids in reducing asthmatic 

inflammation through interactions with inflammatory cells and cytokines was discussed. 

In addition, several possible transcriptional and post-transcriptional molecular 

mechanisms of glucocorticoid action were presented, through which glucocorticoids 

could mediate inhibition of cytokine production. In the previous chapter, data were 

presented which demonstrate the important inflaimnatory role of the airway epithelium in 

asthmatic inflammation. Data were also presented which show that the inflammatory 

cytokine GM-CSF is produced in the bronchial epithelium of asthmatics, and that GM-

CSF plays an important role in the development of asthmatic inflammation. In this 

chapter it was shown that glucocorticoids inhibit GM-CSF production in both in vitro 

airway epithelial cell cultures, and in vivo studies of asthma therapy. Which of the 

transcriptional or post-transcriptional inhibitory mechanisms presented in this chapter is 

responsible for glucocorticoid inhibition of GM-CSF is currently unknown. Studies have 

shown that expression of the GM-CSF gene can be regulated by both transcriptional and 

post-transcriptional mechanisms, depending primarily on the cell type. In fibroblasts and 

glioblastoma cells, IL-l induced GM-CSF mRNA levels through transcriptional 

induction, as demonstrated by activation of GM-CSF promoter constructs [107,108]. In 

contrast, in B lymphocytes, IL-l-induced GM-CSF mRNA levels were a result of 

increased mRNA stability [109]. There is little known about mRNA stabilization 

mechanisms in mammalian cells, but in studies examining mRNA instability there is 

evidence that AU-rich sequences found in the 3' untranslated regions of several genes. 
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including GM-CSF, are involved in mediating mRNA degradation [94,110]. Based on the 

combined data presented in these chapters, it is hypothesized that glucocorticoids inhibit 

GM-CSF production in bronchial epithelial cells through transcriptional mechanisms. 

Furthermore, it is hypothesized that this transcriptional mechanism involves induction of 

the NF-kB inhibitory protein iKB-a. 
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CHAPTER 3 - MATERIALS AND METHODS 

1. Cell Culture 

The human bronchial epithelial cell line. BEAS-2B, transformed with the SV40 

large T-antigen was a gift from Dr. C. Harris (NIH, Bethesda, MD). Cells were 

maintained on collagen/fibronectin coated 15-cm^ intergrid tissue culture plates (Falcon. 

VWR Scientific Products, Phoenix, AZ) in serum-free LHC-9 media (Biofluids. 

Rockville, MD) supplemented with 50 |ig/ml each penicillin/streptomycin at 37°C and 

5% CO2 [111]- Twenty-four hours prior to experimental use the culture media was 

replaced with hydrocortisone-deficient LHC-9 media. Cells were harvested by 

trypsinization (IX trypsin-EDTA, GIBCO-BRL, Gaithersburg, MD) with 1% 

polyvinylpyrrolidine (Biofluids), pelleted at 800 x g, and either immediately used for 

experimentation or quick frozen in liquid N2 and stored at -80°C. 

Jurkat cells were maintained in 75-cm^ tissue culture flasks (Costar, VWR 

Scientific Products) in RPMI 1640 media (GIBCO-BRL) supplemented with 5% bovine 

calf serum and 100 ^ig/ml each penicillin/streptomycin at 37°C and 5% CO2. 

Primary bronchial epithelial cell cultures were obtained from Clonetics (San 

Diego, CA) and maintained in 15-cm^ intergrid tissue culture plates in serum-free 50% 

LHC-9 media / 50% RPMI 1640 media (v/v) supplemented with 50 |ig/ml each 

penicillin/streptomycin and 50 ng/ml Amphotericin B at 37°C and 5% CO2. Forty-eight 

hours prior to experimentation cells were placed in serum-free, hydrocortisone-deficient 

LHC-9 media supplemented with 50 |ig/ml each penicillin/streptomycin. 
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II. GM-CSF Protein Analysis 

GM-CSF protein assays were performed in 6-well tissue culture plates (Falcon) 

using BEAS-2B cells seeded at a density of 150, 000 cells/well in hydrocortisone-

deficient LHC-9 media 24 h before use. At the start of each experiment culture media 

was replaced with fresh hydrocortisone-deficient LHC-9 media (1 ml). Following 

incubation for the periods of time indicated culture supematants were collected and 

pelleted at 16,000 x g- for 5 min to remove cellular debris. Supematants were stored at -

20°C. GM-CSF protein was measured in the culture supematants with a commercial 

sandwich enzyme-linked immimosorbent assay (ELISA) (Amersham, Arlington Heights. 

IL) using a mouse monoclonal antibody specific for the human GM-CSF protein and a 

polyclonal antibody conjugated to the horseradish peroxidase enzyme. Absorption was 

measured at 450 nm with a spectrophotometer and samples were quantitated from the 

linear portion of the standard curve with detection limits of 7.8 pg/ml and 500 pg/ml. 

III. Plasmids 

The reporter plasmid pCSFpl contains 626 bp of the human GM-CSF promoter 

upstream from the chloramphenicol acetyl transferase (CAT) reporter gene, and was a 

generous gift from Dr. Judith Gasson [University of California, Los Angeles, CA 

[108,112]]. The reporter plasmid pHGM3.3 contains 3.3 kb of the sequence upstream 

from the transcription start site of the human GM-CSF gene and the CAT reporter gene, 

and was a kind gift from Dr. Peter Cockerill [Institute for Medical and Veterinary 

Science, Adelaide 5000, Australia [113]]. The pPF2000 reporter contains 2 kb of the 
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human GM-CSF promoter region upstream of the CAT reporter gene and was generously 

donated by Dr. Giovanna Bianchi-Scarra [University of Genova, Genova, Italy [114]]. 

The reporter plasmid pNF-(icB)6 contains six NF-KB response elements upstream of the 

thymidine kinase promoter linked to the CAT reporter gene and was a generous gift from 

Dr. Inder Verma (The Salk Institute). The reporter plasmid pNF-(jcB)6-LUC contains six 

NF-KB response elements upstream of the thymidine kinase promoter linked to the 

luciferase reporter gene. The pCMV-P-Gal expression plasmid contains the 

cytomegalovirus promoter upstream of the P-galactosidase gene. The pRSV-CAT 

expression plasmid contains the Rous Sarcoma virus promoter upstream of the CAT 

gene. The pSVL-GR expression plasmid contains the SV-40 minimal promoter upstream 

of the rat glucocorticoid receptor gene. The p6RGR expression plasmid contains the Rous 

Sarcoma virus promoter upstream of the rat glucocorticoid receptor gene. The pRL-TK 

expression plasmid contains the herpes simplex virus thymidine kinase promoter region 

upstream of the Renilla luciferase gene (Promega, Madison, WI). The pTZ-GAP cloning 

plasmid contains the glyceraldehyde-3-phosphate dehydrogenase gene, and was a kind 

gift from Dr. Roger Miesfeld (University of Arizona, Tucson, AZ). The pMMCAT 

reporter plasmid contains the mouse mammary tumor virus promoter upstream of the 

CAT gene. The mouse mammary tumor virus promoter contains an endogenous 

glucocorticoid response element. The pCMV-MAD-3 expression plasmid contains the 

cytomegalovirus promoter upstream of the IicB-a gene, and was a kind gift from Dr. 

Micheal fCarin (University of California, La Jolla, CA). The pIND-LUC reporter plasmid 
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contains 5 modified ecdysone response elements, in tandem, upstream of a heat shock 

minimal promoter and the firefly luciferase gene. 

IV. Plasmid Construction 

To construct pCR-GM, messenger RNA was isolated from BEAS-2B cells 

stimulated with 1 ng/ml IL-ip for 8 h using the guanidinium thiocyanate method 

(MicroFastTrack, Invitrogen, San Diego, CA). Messenger RNA (200 ng) was then 

transcribed to cDNA with random hexamers and reverse transcriptase (200 U, Superscript 

RT, GIBCO-BRL). The following oligonucleotide primers were used for PGR 

amplification of cDNA encoding the human GM-CSF gene. Oligonucleotide primers 5'-

ATTGCGGCCGCCCCGCCTGGAGCTGTACAAG (sense) and 5'-

ATTCTCGAGACTGGCTCCCAGCAGTCAAA (antisense) were synthesized by 

National Biosciences Inc. (Plymouth, MN) and corresponded to the human GM-CSF 

gene at positions 1662-1682 in exon 3 and positions 2656-2675 in exon 4(12). 

Restriction sites for Not I (sense) and Xho I (antisense) were incorporated at the 5'-

terminus of each primer and are underlined above. The PGR reaction was performed in a 

50 )iL volume and contained 5 U of taq polymerase (Stratagene, La Jolla, GA), 1.5X tag 

polymerase buffer, 1 mM dNTPs, and 0.25 ng of each primer. Gycling parameters 

consisted of an initial denaturation at 95°G for 4 min followed by 30 cycles of annealing 

at 59°G for 2 min, extension at 72°G for 3 min, and denaturation at 94°G for 1 min, with 

a final extension at 72°G for 10 min. The GM-GSF PGR product was cloned into the Eco 

RI site in the multiple cloning region of the pGR2.1 vector by TA Gloning (Invitrogen). 
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The resulting clone, pCR-GM, contained 205 bp of the human GM-CSF gene and was 

used for northern blot analysis. The pCR-GM plasmid was sequenced by Sanger dideoxy-

termination sequencing (Sequenase, United States Biochemical, Cleveland, OH) to 

confirm identity. 

To construct pIND-lKB-a, the iKB-a gene was excised from the pCMV-MAD-3 

expression plasmid by digestion with Kpn I and Bam HI, and ligated into the multiple 

cloning region of the pIND vector (Invitrogen) using T4 DNA ligase (Boehringer 

Mannheim, Indianapolis, IN). The plasmid was then sequenced to confirm integrity of the 

iKB-a gene (DNA Sequencing Service, University of Arizona, Tucson, AZ). 

To construct the pIND-lKBaM expression plasmid, the IicBaM gene was excised 

from the pCMX-IicBaM expression plasmid (a generous gift from Dr. Inder M. Verma) 

by digestion with Bam HI and Xho I, and ligated into the multiple cloning region of the 

pIND vector using T4 DNA ligase. The plasmid was then sequenced to confirm integrity 

of the iKBaM gene (DNA Sequencing Service, University of Arizona). 

V. RNA Isolation 

Messenger RNA was extracted from BEAS-2B cells using the guanidinium 

thiocyanate method (MicroFastTrack, Invitrogen). Total RNA was isolated by lysing the 

BEAS-2B cells in a guanidinium thiocyanate denaturing solution and extracting with 

phenol/chloroform/isoamyl alcohol and 2M sodium acetate, pH 4.0. RNA was 

precipitated with isopropanol and centrifugation at 15 700 x g, followed by a wash with 

75% ethanol to remove excess salt. 
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VI. Northern Blot Analysis 

Messenger RNA pellets or total RNA samples were resuspended in DEPC-treated 

water, denatured, and separated by electrophoresis on a 1% agarose/7% formaldehyde 

gel. Messenger RNA was transferred by capillary action onto a nylon membrane (Nytran. 

Schleicher & Schuell, Keene, NH) and immobilized by UV cross-linking. Membranes 

were pre-hybridized at 42°C for 2 h. Sequential hybridization was done overnight at 42°C 

with [a-^^P]dCTP-Iabeled GM-CSF and cyclophilin cDNA probes. Membranes were 

stripped between hybridizations by 15 min of gentle boiling in stripping solution. DNA 

probes were labeled by incubation with random hexamers and Klenow fragments 

(Boehringer Mannheim). GM-CSF was probed with the 205 bp Eco R1 fragment from 

pCR-GM and cyclophilin was probed with the 103 bp Kpn \-Bam HI fragment from 

pTRI-CycIophilin-Hu (Ambion, Austin, TX). Pre-hybridization and hybridization 

solution was 50% deionized formamide, 5X SSC, 0.2% SDS, 50 mM K2PO4 pH 7.0, 2X 

Denhardts solution, and 30 |j.g/ml salmon testes DNA (Sigma Chemical Co., St. Louis, 

MO). Stripping solution was 0.1 M Tris-HCL pH 8.0, 1% SDS, and 1 mM EDTA. 

Following hybridization, membranes were washed twice for 15 min in 0.1 X SSC and 

0.1% SDS at room temperature and exposed to Kodak Biomax film (Scientific Imaging 

Systems, New Haven, CT) for 4-48 h at -80°C. Autoradiographs were quantitated by 

densitometric analysis using a Bio-Rad 700 Imager (Bio-Rad, Hercules, CA). The band 

density for GM-CSF was calculated in ratio to the band density for cyclophilin to control 

for mRNA loading. The ratio of GM-CSF/cycIophilin was used to calculate the fold 

induction of GM-CSF mRNA and the percent inhibition of GM-CSF. 



VII. Lipofection 

Plasmid DNA, diluted to 100 foL per 10-cm^ plate in hydrocortisone-deficient 

LHC-9 media without antibiotic supplements, was incubated with the cationic lipid 

DOTAPiDOPE (Avanti Polar Lipids, Alabaster, AL) in a 1:1 wt/wt ratio for 15 min at 

room temperature. In specified transfections, Lipofectin reagent (GIBCO-BRL) was used 

in place of the DOTAPtDOPE lipid. Ceils were washed with phosphate-buffered saline 

and then incubated with the DNA/lipid complexes, diluted to 4 ml per 10-cm' plate in 

hydrocortisone-deficient LHC-9 media without antibiotic supplements, for 2 h at 37°C 

and 5 % CO2. Cells were then placed in 10 ml of hydrocortisone-deficient LHC-9 media 

and allowed to recover for 24 h at 37°C and 5% CO2 before stimulation. 

VIII. Electroporation 

Jurkat cells (5 x 10^ cell per sample) were harvested by centrifugation and washed 

with cold phosphate-buffered saline at room temperature. Cell pellets were resuspended 

in cold RPMI 1640 media, without supplements, at a density of 5 x 10^ cells per 0.5ml. 

Aliquots of 0.5 ml were placed in sterile electroporation cuvettes with indicated amounts 

of plasmid DNA and kept on ice. Electroporation was carried out at 255V, 1000 |aF and 

00 Q with an Electroporator II (Invitrogen). Cuvettes were placed on ice for an additional 

10 min. Cells were then transferred into 10 cm^ tissue culture plates (Falcon, VWR) 

containing 9.5 ml supplemented RPMI 1640 media and stimulated as indicated. 
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IX. Adenovirus-Mediated Transfection 

Plasmid DNA was mixed with DEAE/Dextran (10 ^ig/ml) and adenovirus 

transfect stock (80 |iL per 10-cm^ plate) in 4 ml hydrocortisone-deficient LHC-9 media, 

without antibiotic supplements. Cells were washed with phosphate-buffered saline and 

then incubated with the DNA/adenovirus/DEAE/Dextran mix for 2 h at 37°C and CO^-

Cells were then shocked with 4 ml of a 10% dimethylsulfoxide solution (1:10 v/v ratio of 

dimethylsulfoxide to hydrocortisone-deficient LHC-9 media, without antibiotic 

supplements) for 30 seconds and rinced twice with phosphate-buffered saline. Cells were 

placed in 10 ml of hydrocortisone-deficient LHC-9 media and allowed to recover for 24 h 

at 37°C and 5% CO2 before stimulation. 

X. CAT Assay 

Cells were washed with 10 ml phosphate-buffered saline and pelleted by 

centrifugation. Pellets were resuspended in 150 |il 0.25 M Tris-HCL, pH 7.5, and cells 

were lysed by fireeze-thawing for 5 cycles. Beta-galactosidase activity was measured in 

cell lysates by incubation with the ortho-nitrophenyl-p-D-galactopyranoside substrate for 

30 min at 37 °C. Protein concentrations were determined using a bicinchoninic acid 

protein assay (Pierce, Rockford, IL). Remaining lysates were then heated at 65°C for 10 

min and centrifliged to pellet cellular debris. Supernatant volumes for use in the CAT 

reaction were determined by normalization to P-galactosidase activity. Each CAT 

reaction contained 10 |aL 20 mM acetyl CoA and 4 fiL ''^C-chloramphenicol (50 



mCi/mmol, NEN, Boston, MA) in a total volume of 180 (iL. Samples were incubated for 

4 h at 37°C and then extracted with 900 |iL ethyl acetate. Extracted volumes were dried 

down in a speed-vac (Savant, Beckman) and resuspended in 30 |xL chloroform. 

Acetylated products were separated by thin-layer chromatography in 95% chloroform/5% 

methanol (v/v) solution. 

XI. Luciferase Assay 

Transfected cells were lysed by incubation with IX passive lysis buffer (Dual-

Luciferase Reporter Assay System, Promega, Madison, WI) for 10-15 min at room 

temperature. The lysed samples were then mixed in a 1:5 v/v ratio with Luciferase Assay 

Reagent II (Promega) and light units were immediately measured using a luminometer 

(Turner Designs Model TD-20/20, Promega). To determine Renilla luciferase activity, an 

equivalent volume of Stop & Glo Reagent (Promega) was added and light imits 

immediately measured using a luminometer. 

XII. Nuclear Run-On Analysis 

Nuclei were isolated from 5 x lO' untreated BEAS-2B cells and BEAS-2B cells 

stimulated with IL-ip in the presence and absence of DEX. Cells were washed 3X with 

cold PBS, harvested from the plates by scraping, pelleted and resuspended 2X in 4 ml of 

lysis buffer (lOmM Tris/HCL pH 7.4, lOmM NaCl, 3mM MgCU and 0.5% Nonidet P-

40). Nuclei were stored at -80°C in 160 jiL glycerol storage buffer (50mM Tris/HCL pH 

8.3, 40% glycerol, 5mM MgCh, 0.1 mM EDTA). Nuclei were thawed on ice and 
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incubated in 20 [iL transcription run-on solution (6niM ATP, 3mM GTP, 3niM CTP, 

30mM DTT, 12 mM MgCb, 800mM KCl) and 20 [a-32P]UTP (3000 Ci/mmol) for 

30 min at 30°C. The labeling reaction was terminated with the addition of 20mM CaCl, 

10 |iL RNase-free DNase 1(10 mg/ml, GIBCO-BRL) and 5 min incubation at 30°C. 

Samples were then treated with 25 ^iL lOX SET buffer (5% SDS, 50mM EDTA, O.IM 

Tris/HCL pH 7.4), 2 proteinase K (10 mg/ml in 10% SDS), and 5 piL yeast tRNA 

(lOmg/ml) and incubated at 37°C for 30 min. Total RNA was isolated by guanidinium 

thiocyanate/phenol/chloroform extraction with 2M sodium acetate pH 4.0 and 

precipitated with isopropanol. Isolated RNA was resuspended in 500 |aL DEPC-treated 

water. To detect GM-CSF mRNA, pCR-GM was linearized, denatured, and concentrated 

on a Nytran membrane using a slot blot apparatus. As controls, pCR2.1 vector and pTZ-

GAP, a plasmid encoding 800 bp of the human GADPH cDNA, were also slot-blotted 

onto the membrane. DNA was immobilized on the membrane by UV cross-linking. 

Membranes were pre-hybridized at 42°C for 6h and then hybridized with equal counts of 

the labeled RNA, as determined by a scintillation counter, at 42°C for 72h. 

Prehybridization solution was 6X SSPE, 100 ^g/ml salmon testes DNA, 0.5% SDS, 50% 

deionized formamide, and 5X Denhardts solution. Hybridization solution lacked 

Denhardts solution. Membranes were washed IX with 2X SSC and 0.5% SDS for 30 min 

at room temperature, IX with IX SSC and 0.5% SDS for 30 min at room temperature, 

and IX with IX SSC and 0.5% SDS for 30 min at 65°C and exposed to film. 
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XIII. Isolating Cellular Proteins 

Confluent BEAS-2B cells were cultured in hydrocortisone-deficient LHC-9 media 

24 h before stimulation for the indicated times. Stimulated cells were washed 2X in 

phosphate buffer and then scraped from the plate in 500 |iL of phosphate buffer and 

transferred into a 1.5-ml eppendorf tube. Cells were pelleted at 1,200 x g and 4°C. For 

total cellular protein isolation, pellets were resuspended on ice in 250 |iL TNES V lysis 

buffer (50 mM Tris-base, pH 7.4, 1% NP-40, 2 mM EDTA, 100 mM NaCl) 

supplemented with protease inhibitors (1 mM phenylmethylsulfonyl fluoride, 20 |ig/ml 

leupeptin, 20 (ag/ml aprotinin) and centrifuged for 20 min at 18,700 x g and 4°C. For 

isolating cytoplasmic and nuclear protein fractions, pellets were resuspended in lysis 

buffer (20 mM HEPES, pH 7.6, 20% glycerol, 10 mM NaCl, 1.5 mM MgCb, 0.2 M 

EDTA, 0.1% Triton X-100) supplemented with protease inhibitors (1 mM dithiothreitol. 

1 mM phenylmethylsulfonyl fluoride, 10 {ig/ml leupeptin, 100 |ag/ml aprotinin, 10 [ig/ml 

pepstatin), incubated on ice for 5 min, and centrifuged for 5 min at 3200 x g and 4°C . 

The supematants containing the cytoplasmic proteins were transferred to new tubes, and 

the nuclear pellets were resuspended in nuclear lysis buffer (same as lysis buffer, but with 

500 mM NaCl) supplemented with protease inhibitors and gently rocked for 1 h at 4°C. 

Cellular debris was pelleted by centrifiigation for 10 min at 13 000 x g and 4°C, and 

supematants containing nuclear proteins were transferred to new tubes. Protein 

concentrations were determined using a bicinchoninic acid protein assay (Pierce). 
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XIV. Western Blot Analysis 

Equal amounts of protein were denatured and separated by electrophoresis 40V. 

overnight, on a 10% SDS-polyacrylamide gel in IX Laemmli running buffer (25 mM 

Tris-base. 0.2 M glycine, 0.1% SDS). Molecular weight markers (GIBCO-BRL) were 

also separated on the gel. Proteins were transferred onto a nitrocellulose membrane 

(Transblot, Bio-Rad, Hercules, CA) by electrophoresis in a transfer apparatus (Hoeffer. 

San Francisco, CA) for 2 h at 0.5 amps and 4°C. Transfer buffer was 50 mM Tris-base, 

40 mM glycine, 0.04% SDS and 20% methanol. Membranes were incubated for 1 h in 

5% blocking solution [5% (w/v) nonfat dry milk solution in IX TTBS (0.1 M Tris-base. 

150 mM NaCl, 0.05% Tween-20)] at room temperature. For IicB-a detection, membranes 

were then incubated with a rabbit, polyclonal, anti-human IicB-a antibody (sc-371, Santa 

Cruz Biotechnology, Santa Cruz, CA) diluted 1:200 in 5% blocking solution for 1 h at 

room temperature. For p65 detection, membranes were then incubated with a rabbit, 

polyclonal, anti-human p65 antibody (sc-109, Santa Cruz Biotechnology) diluted 1:500 in 

0.6% blocking solution. Membranes were washed 3X for 10 min in 5% blocking solution, 

and again incubated for 1 h with goat anti-rabbit IgG linked to the horseradish peroxidase 

enzyme (Kirkegaard & Perry, Gaithersburg, MD) diluted 1:20,000 in 5% blocking 

solution. Membranes were then washed 2X for 10 min in 5% blocking solution and 3X 

for 10 min in IX TTBS. Antibody-labeled proteins were detected using Supersignal 

horseradish peroxidase substrate (Pierce) as described by the manufacturer. 
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XV. Generation of Stable Cell Lines 

To generate iKB-a stable cell lines, BEAS-2B cells were transfected with 20 fig 

of cesium chloride purified pCMV-MAD-3 expression plasmid using the lipofection 

technique described in Chapter 3, section VII. Cells were allowed to recover for 48 h in 

LHC-9 media, and then placed in LHC-9 media supplemented with 100 |ig/ml of 

Geneticin (G-418, GIBCO-BRL) for selection. G-418 resistant colonies were individually 

isolated using cloning rings and trypsinization with 1% polyvinylpyrrolidine. Individually 

selected colonies were expanded into clonal cell lines and screened for over-expression of 

iKB-a by Northem analysis as described in Chapter 3, section VI. Cells were fed every 

third day with LHC-9 media supplemented with 100 |ag/ml of G-418 during clonal 

expansion. 

To generate VgRXR stable cell lines, BEAS-2B cells were transfected with 20 jag 

of cesium chloride purified p VgRXR expression plasmid using the lipofection technique 

described in Chapter 3, section VII. A 45-second shock with 20% glycerol solution added 

after 2 h incubation at 37°C and 5 % CO2 to enhance transfection efficiency. Cells were 

allowed to recover for 48 h in LHC-9 media, and then placed in LHC-9 media 

supplemented with 200 |ag/ml of Zeocin (Invitrogen) for selection. Zeocin-resistant 

colonies were individually isolated using small circles of Whatmann filter paper soaked 

in IX trypsin-EDTA with 1% polyvinylpyrrolidine. Individually selected colonies were 

expanded into clonal cell lines and screened for over-expression of VgEcR and RXR 

receptors by transient transfection with 10 ng of the reporter plasmid pIND-LUC as 
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described in Chapter 3, section VII. Cells were fed every other day with LHC-9 media 

supplemented with 200 fig/ml of Zeocin during clonal expansion. 

To generate pIND-lKB-a stable cell lines, VgRXR stable cell lines #4 and #19 

were transfected with 20 jig of cesium chloride purified pIND-lKB-a expression plasmid 

using the lipofection technique described in Chapter 3, section VII. A 45-second shock 

with 20% glycerol solution was added after 2 h incubation at 37°C and 5 % CO2 to 

enhance transfection efficiency. Cells were allowed to recover for 48 h in LHC-9 media, 

and then placed in LHC-9 media supplemented with 200 ^ig/ml of Zeocin and 100 |ig/ml 

of Geneticin (G-418, GIBCO-BRL). Zeocin and G-418 resistant colonies were 

individually isolated using small circles of Whatmann filter paper soaked in IX trypsin-

EDTA with 1% polyvinylpyrrolidine. Individually selected colonies were expanded into 

clonal cell lines and screened for over-expression of iKB-a by Northern analysis as 

described in Chapter 3, section VI. Cells were fed every other day with LHC-9 media 

supplemented with 200 fxg/ml of Zeocin and 100 |ig/ml of G-418 during clonal 

expansion. 

To generate pIND-lKBaM stable cell lines, VgRXR stable cell line #4 was 

transfected with 20 |ig of cesium chloride purified pIND-lKBaM expression plasmid 

using the lipofection technique described in Chapter 3, section VII. A 45-second shock 

with 20% glycerol solution was added after 2 h incubation at 37°C and 5 % CO2 to 

enhance transfection efficiency. Cells were allowed to recover for 48 h in LHC-9 media, 

and then placed in LHC-9 media supplemented with 200 ^ig/ml of Zeocin and 100 |ig/ml 
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of G-418. Zeocin and G-418 resistant colonies were individually isolated using small 

circles of Whatmann filter paper soaked in IX trypsin-EDTA with 1% 

polyvinylpyrrolidine. Individually selected colonies were expanded into clonal cell lines 

and screened for over-expression of iKBaM by Western analysis as described in Chapter 

3, section XTV. Cells were fed every other day with LHC-9 media supplemented with 200 

|ig/ml of Zeocin and 100 |ig/ml of G-418 during clonal expansion. 

XVI. Statistical Methods 

Data are presented as means + SEM. The slope variance for the data in Fig. 5 

(n=5 for each point) representing mRNA decay were tested with two regression models 

(log linear regression and quadratic linear regression) to determine statistical significance 

[115]. Based on the adjusted r-squared values and significance tests for the hypothesis of 

the coefficients, the data fit a log linear regression model. Individual experimental values 

for the inhibition studies shown in figures 4.4 and 5.3 were compared using the one-

sample Student's t test. For all analyses statistical difference was inferred with P < 0.05. 
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CHAPTER 4 - THE/iV SYSTEM 

I. The BEAS-2B Cell Line 

To begin this project it was necessary to select and establish growth conditions for 

an in vitro cell line that maintained normal epithelial cell characteristics and produced 

GM-CSF. The BEAS-2B cells were developed from explants of human bronchial 

epithelial cells immortalized by infection with an adenovirus 12-SV 40 hybrid virus 

[111]. In characterization studies these cells maintained a polygonal morphology typical 

of epithelial cells, but underwent continuous proliferation rather than senescence [116]. 

These cells also exhibited desmosomes, tight junctions, and expression of keratin, 

characteristic of epithelial cells, and lacked tumorigenicity in athymic nude mice 

experiments [116]. Karyotype analysis showed regular diploid morphology in about 80 % 

of the cells in culture, and this was maintained throughout passage [116]. This 

information suggested that this cell line would be an excellent in vitro model for studying 

cytokine regulation in the bronchial epithelium. 

H. GM-CSF Production in the BEAS-2B Cell Line 

To study the regulation of GM-CSF in the BEAS-2B cell line it was necessary 

first to determine the conditions of GM-CSF production in the BEAS-2B cells. Cells 

were plated in hydrocortisone-deficient LHC-9 media 24 h prior to experimentation and 

levels of secreted GM-CSF protein were measured by ELISA in the cultiure supematants 

at various time points following stimulation. Figure 4.1 shows the results of an initial 
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experiment where BEAS-2B cells were stimulated for 10 and 18-h with IL-ip and TPA. 

Low to undetectable concentrations of GM-CSF were secreted in the absence of 

stimulation, and both IL-ip and TPA significantly enhanced the expression of GM-CSF 

protein over the basal levels at both time points. There appeared to be relatively little 

difference between the protein levels at the 10 and 18-h time points, but IL-1 p stimulated 

GM-CSF production significantly better than TPA at both time points. 
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Figure 4.1. GM-CSF Production in the BEAS-2B Cell Line. BEAS-2B cells were 
stimulated with IL-ip (5 ng/ml) or TPA (10 ng/ml) for the indicated times. GM-CSF 
protein was measured in culture supematants as described in Chapter 3, section IL 
Protein concentrations were normalized to cell number and are shown as the average + 
SE for 3 individual samples. 
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A concentration-response experiment was performed with various concentrations 

of IL-ip to determine the relationship between IL-ip concentration and GM-CSF protein 

production. BEAS-2B cells were plated in hydrocortisone-deficient LHC-9 media 24 h 

prior to experimentation, and then stimulated with 0.001, 0.01, 0.1, 1, and 10 ng/ml for 

10 h. As shown in Figure 4.2, GM-CSF protein is produced in a typical sigmoidal dose-

response pattern when stimulated with increasing concentrations of IL-ip. The 50% 

effective concentration (EC50) was 0.2 ng/ml, and protein production approached 

maximum levels with 1 ng/ml. A concentration of 1 ng/ml was used to stimulate GM-

CSF expression in subsequent experiments. 
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Figure 4.2. IL-1(3 Dose-Dependent Induction of GM-CSF Protein. BEAS-2B cells 
were stimulated with the indicated concentrations of IL-1P for 10 hours. Culture 
supematants were collected and assayed for GM-CSF protein using an ELISA as 
described in Chapter 3, section II. Protein concentrations were normalized to cell number. 
The concentration of GM-CSF protein represents means + SE for n=2 experiments. 
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The time course of GM-CSF secretion into the culture supernatant was then 

determined in response to IL-ip stimulation. Individual, duplicate cultures of BEAS-2B 

cells were treated with 1 ng/mi IL-1|3, and culture supematants were collected and 

assayed for GM-CSF protein at 1,2,4, 6, 8, and 10-h time points. The results (Figure 4.3) 

show that in response to IL-ip, GM-CSF protein is continually produced and secreted 

into the culture supernatant. At 2 h there is a three-fold induction over basal protein 

levels, and at 10 h a maximal fifteen-fold induction. There was a linear accumulation of 

GM-CSF protein over the 10 h time period. 
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Figure 4.3. Time Course of IL-1P Induction of GM-CSF Protein. Individual and 
duplicate cultures of BEAS-2B cells were stimulated with IL-1 p (1 ng/ml) for the 
indicated times and assayed for GM-CSF protein using an ELISA as described in Chapter 
3, section II. Protein concentrations were normalized to cell number. The fold induction 
of GM-CSF protein was calculated relative to the basal level and is shown as means + SE 
for n=2 experiments. 
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Once the basal and induction characteristics of GM-CSF protein production by 

the BEAS-2B cells had been established, regulation of GM-CSF protein by 

glucocorticoids could be examined. BEAS-2B cells were plated in hydrocortisone-

deficient LHC-9 media 24 h prior to experimentation and then treated with IL-1 p in the 

presence and absence of the synthetic glucocorticoid hormone, dexamethasone (DEX). 

The results in Figure 4.4 show that DEX treatment resulted in 80 % inhibition of IL-I [3-

induced GM-CSF protein levels {P < 0.001). 
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Figure 4.4. Glucocorticoid Inhibition of IL-1P Induced GM-CSF Protein. BEAS-2B 
cells grown in hydrocortisone-deficient LHC-9 media were treated for 10 h with IL-ip (1 
ng/ml), dexamethasone (DEX, 10"^ M), and RU-486 (10"^ M) as indicated. Culture 
supematants were collected and assayed for GM-CSF protein using an ELISA as 
described in Chapter 3, section II. GM-CSF protein concentrations were normalized to 
cell nimiber. The percentage of GM-CSF protein was calculated relative to the level of 
protein present after 10 h of stimulation with IL-ip alone (protein = 100%). Percent GM-
CSF protein is presented as means + SE for n=5 experiments. * P < 0.001 
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To determine if this inhibition was mediated directly by activated glucocorticoid 

receptors, the glucocorticoid receptor antagonist RU-486 was added in the presence of 

IL-ip and DEX. Figure 4.4 shows that the addition of RU-486 prevented DEX from 

inhibiting IL-1 P-induced protein levels, suggesting that activated glucocorticoid receptors 

mediated the inhibition observed with DEX treatment. RU-486 treatment alone did not 

produce a significant inhibitory effect on IL-1 P-induced GM-CSF protein {P >0.1). From 

these data, it was concluded that the BEAS-2B cells had endogenous, functional 

glucocorticoid receptors that mediate a significant negative regulatory effect on GM-CSF 

protein production. 

The kinetics of DEX inhibition of IL-1 P-induced GM-CSF protein levels were 

also examined. It was hypothesized that treatment of BEAS-2B cells with DEX (to 

activate the glucocorticoid receptors) before IL-1P stimulation would result in complete 

inhibition of GM-CSF protein production. Figure 4.5 illustrates experiments where 

BEAS-2B cells were treated with DEX either 1 h prior to lL-1 p, with IL-1 P, or 1, 2,4, 6, 

and 8 h after IL-1 p. Prior treatment with DEX did not significantly increase the inhibition 

of GM-CSF protein levels over that observed when DEX was added simultaneously with 

IL-ip. However when DEX was added at time points after the IL-ip, the ability of DEX 

to inhibit GM-CSF protein levels was significantly diminished. 
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Figure 4.5. Kinetics of Glucocorticoid Inhibition of IL-1 p Induced GM-CSF Protein. 
BEAS-2B cells were stimulated with 1 ng/ml IL-ip and DEX (10"^ M) at times Ih before 
IL-ip (-Ih), with IL-ip (+0), and 1-8 h after IL-ip. Culture supematants were collected 
after 10 h of IL-1 p stimulation and assayed for GM-CSF protein by ELISA as described 
in Chapter 3, section II. Concentrations were normalized to cell number. The percentage 
of GM-CSF protein was calculated relative to the level of protein present after 
stimulation with IL-ip alone (protein = 100%). Percent GM-CSF protein is presented as 
means + SE for n=2 experiments. 

Together, the previous groups of experiments established the parameters of GM-

CSF production in the BEAS-2B cell line. The significant induction of GM-CSF protein 

by IL-ip and inhibition by DEX suggested that these cells would provide an excellent 

model for studying the mechanisms of glucocorticoid inhibition of GM-CSF and possibly 

cytokines produced by airway epithelial cells. 
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III. GM-CSF Production in Primary Bronchial Epithelial Cells 

Using BEAS-2B cells to study glucocorticoid regulation of GM-CSF offered 

several advantages over the use of primary bronchial epithelial cell explants; the most 

important being lack of senescence. However, having undergone immortalization by viral 

infection, it was questionable whether the cytokine production in these cells was still 

comparable and characteristic of that in primary bronchial epithelial cultures. To 

investigate this question, cultures of post-mortem bronchial epithelial cell explants from 

two individuals were obtained and assayed by ELISA for GM-CSF protein secretion into 

culture supematants. The results in Figure 4.6 show that primary epithelial cells secrete 

GM-CSF in a relatively similar profile to the BEAS-2B cells. The basal level produced in 

the absence of stimulation was significantly higher in the primary cells than in the BEAS-

2B cells; however, stimulation with IL-1P still resulted in a significant increase over 

basal levels. The inhibition mediated by DEX was more variable in the primary cells than 

in the BEAS-2B cells. The results from the individual in figure 4.6b show DEX inhibition 

similar to that observed in the BEAS-2B cells, whereas the results from the individual in 

figure 4.6a lack the expected DEX inhibition. This was not entirely surprising 

considering that sensitivity to steroids varies in the population and the medical history of 

these individuals is unknown. However, from these data it was concluded that the BEAS-

2B cell line was sufficiently representative of primary bronchial epithelial cell cultures 

and would serve as an adequate model for study of cytokine regulation in the bronchial 

epithelium. 
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Figure 4.6. GM-CSF Protein Production in Primary Bronchial Epithelial Cells. Primary 
bronchial epithelial cells grown in hydrocortisone-deficient LHC-9 media were treated 
for 10 h with IL-l(3 (1 ng/ml), dexamethasone (DEX, 10"^ M), and RU-486 (10"^ M) as 
indicated. Culture supematants were collected and assayed for GM-CSF protein using an 
ELISA as described in Chapter 3, section II. Independent experiments using cells isolated 
from different individuals are shown (a, b). GM-CSF protein concentrations were 
normalized to cell number and are shown as the average + SE for 3 individual samples 
(a) and 2 individual samples (b). 
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IV. Transfection of the BEAS-2B Cell Line 

One of the most effective ways to study gene regulation is through the use of 

engineered plasmids containing gene promoters or transcription response elements linked 

to an exogenous reporter gene. Transient transfection of these plasmids into cells can then 

be used to examine transcriptional activation. With this in mind it was necessary to 

determine an appropriate method for transfection of the BEAS-2B cell line. A 

transfection technique utilizing strontium phosphate, that had been reported to work 

successfully in primary bronchial epithelial cell cultures, was first tried [117], In the 

BEAS-2B cell line, this method resulted in extremely low transfection efficiency with a 

high percentage of cell mortality. This technique was considered unsatisfactory. The next 

technique attempted was the lipofection transfection technique that utilizes extremely 

lipophilic molecules to transport plasmid DNA through cell membranes (see Chapter 3, 

section VII for transfection details). This method resulted in higher transfection 

efficiency with a negligible percentage of cell mortality. Results firom an experiment for 

optimization of the ratio of plasmid DNA to Lipofectin concentration are shown in Figure 

4.7. Cells were transfected with the pSVL-GR plasmid, which constitutively expresses 

the rat glucocorticoid receptor, the pMMCAT reporter plasmid, and varying 

concentrations of Lipofectin. The pMMCAT reporter plasmid contains tandem 

glucocorticoid response elements upstream of the chloramphenicol acetyl transferase 

(CAT) reporter gene. The higher concentrations of Lipofectin resulted in significantly 

lower levels of transfection and microscopic analysis showed considerable cell death, 

indicating the toxicity of higher Lipofectin concentrations to the BEAS-2B cells. From 
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this experiment, it was concluded that lower concentrations of Lipofectin were optimal 

for transfection, and that lipofection offered a satisfactory means of transfecting plasmid 

DNA into the BEAS-2B cells. 

Lipofectin 8 (iL 16 [iL 32 \jL 64 |iL 
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Figure 4.7. Optimization of DNA/Lipofectin Ratio in BEAS-2B Transfection. BEAS-
2B cells were plated at a density of 1.5 x 10^ cells per plate in LHC-9 media without 
hydrocortisone 24 h prior to transfection. Each plate was transfected with 1 ng 
pMMCAT, 5 jig pSVL-GR, and 2.5 |ig pCMV-P-Gal with varying amounts of Lipofectin 
reagent as indicated. Transfection was performed as described in Chapter 3, section VII. 
After 24 h recovery transfected cells were stimulated with DEX (10"^ M) for 24 h. Cells 
were harvested and assayed for CAT activity as described in Chapter 3, section X. 
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CHAPTER 5 - MECHANISMS OF GM-CSF EXPRESSION IN THE BEAS-2B 

CELL LINE 

I. Induction and Inhibition of GM-CSF mRNA 

In the previous chapter it was established that the BEAS-2B cell line was a 

suitable in vitro model for GM-CSF production in bronchial epithelial cells. Mechanisms 

involved in regulating GM-CSF expression in the BEAS-2B cells could now be 

investigated. Stimulation with IL-ip produced a significant induction over basal levels in 

secreted GM-CSF protein from the BEAS-2B cells. There are several mechanisms that 

could result in increased protein levels, including transcriptional activation of the GM-

CSF gene, and stabilization of existing GM-CSF mRNA transcripts. To examine GM-

CSF mRNA it was necessary first to synthesize a fragment of GM-CSF cDNA to use as a 

probe in Northern blot analysis. Primers that corresponded to the human GM-CSF gene at 

positions 1662-1682 in exon 3 and positions 2656-2675 in exon 4 were synthesized and 

and used to amplify by PCR a 205 bp fragment from GM-CSF cDNA prepared from IL-

1 P-stimulated BEAS-2B cells (See figure 5.1). 
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Figure 5.1. GM-CSF Probe Design. 

This fragment was cloned into the pCR2.1 vector where it could be readily 

amplified and excised for Northem analysis (for further details see Chapter 3, section 

IV). Figure 5.2a shows a representative Northem blot using the synthesized 205 bp 

fi-agment. BEAS-2B cells were stimulated with IL-ip for 15, 30, 45, 60, 90, 120 and 180 

min. GM-CSF message was rapidly induced and detected within 30 min, and this 

induction was maintained over the time points sampled. The GM-CSF transcript was 

estimated to be 0.9 kb by size comparison with transcripts for cyclophilin (0.7 kb) and P-

actin (1.0 kb). Cyclophilin mRNA levels were analyzed following determination of GM-

CSF mRNA levels in order to control for mRNA loading and were not found to change 



with treatment. Figure 5.2b sliows a histogram that summarizes induction data from 

several experiments where the autoradiographs were quantitated by densitometry. An 

average 47+14 fold maximum induction of GM-CSF mRNA over basal levels was 

reached at 60 min (n = 4 individual experiments). These data indicate that the increase in 

GM-CSF protein seen in the BEAS-2B cells after IL-1P stimulation correlates with a 

concurrent increase in GM-CSF mRNA, indicating increased transcriptional activation of 

the GM-CSF gene and/or increased stability of GM-CSF mRNA transcripts. 

a) 

IL-1 (minutes) 

0 15 30 45 60 90 120180 

Cyclophilin 

Lane 1 2 3 4 5 6 7 8 



67 

b) 

30 60 90 

IL-1 Stimulation (minutes) 

120 

Figure 5.2. IL-1 p Induction of GM-CSF mRNA. BEAS-2B cells were stimulated with 
IL-ip (1 ng/ml) for the indicated times. Messenger RNA was isolated and Northern 
analysis was performed as described in Chapter 3, sections V and VI. a) A representative 
Northern blot is shown, b) Histogram of results from Northern autoradiographs 
quantitated by densitometry (see Chapter 3, sectionVI). The fold induction of GM-CSF 
mRNA was calculated relative to the basal level and presented as the means ± SE for n=4 
experiments. For experiments in which the basal level was undetectable by densitometry, 
it was assigned a value of 0.1 (comparable to detected levels) for calculation purposes. 

GM-CSF mRNA levels were next examined under conditions of IL-1 P 

stimulation and DEX activation of glucocorticoid receptors. These conditions resulted in 

an 80 % inhibition of IL-ip-induced GM-CSF protein secretion from the BEAS-2B cells. 

Figure 5.3a and b shows the results of experiments where mRNA was isolated at 0.5-h 



68 

intervals for 2 h after stimulation with IL-1P in the presence and absence of DEX. 

Northern analysis showed a reduction in GM-CSF mRNA levels by 36% + 3.4%, 51% ± 

13%, and 47% + 13% at the 60, 90, and 120 min time points respectively, in the presence 

of DEX. This result suggests that the inhibition of GM-CSF by the glucocorticoids is at 

least partially mediated at the level of transcription. Taken together these data show that 

both IL-ip and DEX can regulate increased transcription of the GM-CSF gene and/or 

alter GM-CSF mRNA stability in the BEAS-2B cell line. 
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Figure 5.3. Glucocorticoid Inhibition of IL-1 P-Induced GM-CSF mRNA. BEAS-2B 
cells were treated with 1 ng/ml IL-ip in the presence and absence of DEX (10"^ M) as 
indicated. Messenger RNA was isolated at the time points indicated and Northern 
analysis was performed as described in Chapter 3, sections V and VI. a) A representative 
Northern blot from n=4 experiments is shown, b) Histogram of Northern 
autoradiographs quantitated by densitometry. The percent GM-CSF mRNA represents the 
amount of GM-CSF mRNA from cells treated with both IL-1|3 and DEX divided by the 
amount of GM-CSF mRNA from cells treated with IL-ip alone. Data represent the 
means + SE for n=4 experiments. * P < 0.05 

II. Investigation of Transcriptional and Posttranscriptional Mechanisms 

Northern analysis of GM-CSF mRNA in the BEAS-2B cell line demonstrated that 

IL-ip significantly induces GM-CSF mRNA levels, and this induction is reduced by 
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approximately 50 % when the cells are simultaneously treated with DEX. Changes in 

mRNA levels indicate modulation of gene transcription, or changes in stability of 

existing mRNA transcripts. Several approaches were chosen to investigate these 

mechanisms in the BEAS-2B cells. 

To first examine whether the IL-ip induction of GM-CSF mRNA was a result of 

transcriptional activation, BEAS-2B cells were treated with and without the transcription 

inhibitor actinomycin D for 30 min before IL-1|3 stimulation for 30,60 and 90-min time 

points (Fig. 5.4). GM-CSF mRNA transcripts were not detectable in cells pre-treated with 

actinomycin D (Fig. 5.4, lanes 3,5,7), indicating that IL-ip directly activates GM-CSF 

gene transcription and does not significantly stabilize existing mRNA transcripts. 
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Figure 5.4. IL-1 (3 Induction of GM-CSF mRNA: Transcription is Required. BEAS-2B 
cells were stimulated with 1 ng/ml IL-ip over time in the presence and absence of 
actinomycin D (Act. D). Actinomycin D (10 |ig/ml) was added 30 minutes before IL-ip 
stimulation. Messenger RNA was isolated and Northern blot analysis performed as 
described in Chapter 3, sections V and VI. A representative Northem blot from one of 
two experiments is shown. 

Act D - - + - + - + 

IL-1 (min) 0 30 30 60 60 90 90 

CydophUin 



71 

In addition, BEAS-2B cells were treated with and without the protein synthesis 

inhibitor cycloheximide (CHX) for 30 min before IL-ip stimulation for 30,60 and 90-

min time points. This experiment was designed to determine whether IL-ip activation of 

GM-CSF transcription required de novo protein synthesis. Results in figure 5.5 show that 

GM-CSF mRNA transcripts were not significantly reduced in cells pre-treated with CHX 

{lanes 3.5). Treatment with CHX alone did not cause significant induction of GM-CSF 

mRNA levels {lane 6). These results suggest there is not a significant requirement for de 

novo protein synthesis in IL-1 P-induced GM-CSF transcription. 

CHX -- + -+ + 
Rrl 0 Ih Ih 2h 2h -

-^GaVKSF 

(giPPMMl -»-q'clophilin 

Lane 1 2 3 4 5 6 

Figure 5.5. IL-ip Induction of GM-CSF mRNA: De novo Protein Synthesis is not a 
Significant Requirement. BEAS-2B cells were stimulated with 1 ng/ml IL-ip for the 
indicated time in the presence and absence of cycloheximide (CHX, 10 ng/ml). 
Cycloheximide was added 30 min prior to IL-ip stimulation. In lane 6 cells were treated 
with cycloheximide alone for the duration of the experiment. Messenger RNA was 
isolated and Northern blot analysis performed as described in Chapter 3, sections V and 
VI. A representative Northern blot fi"om one of three experiments is shown. 



72 

An effective way to directly examine transcriptional activation is by using 

reporter plasmids that contain the promoter from a transcriptionally modulated gene 

upstream of a foreign reporter gene. Transfecting these plasmids into cell lines provides a 

means for determining and quantitating the effects of stimulators and inhibitors on gene 

transcription. The reporter plasmid pCSFpl contains 626 bp of the human GM-CSF 

promoter upstream from the cap site in the GM-CSF gene, and is upstream of the CAT 

reporter gene [108,112]. To examine the effects of IL-ip and DEX on this section of the 

GM-CSF promoter, pCSFpl was transiently transfected into the BEAS-2B cells by 

lipofection. Twenty-four hours after transfection cells were stimulated with IL-ip or 12-

(9-tetradecanoylphorbol 13-acetate (TPA). In addition to stimulation, several plates of 

cells were also co-transfected with an expression plasmid for the murine glucocorticoid 

receptor, p6RGR, and treated with DEX to examine the glucocorticoid effect on pCSFpI 

transcription. As a positive control for the experiment, one plate was co-transfected with 

p6RGR and the pMMCAT reporter plasmid instead of pCSFpl. Figure 5.6 shows results 

from one of two experiments performed in this manner. There was no transcriptional 

activity from the 0.6 kb GM-CSF promoter construct, as determined by measurement of 

reporter gene activity, in either experiment. The presence of acetylated products seen 

with the pMMCAT reporter plasmid indicated that the BEAS-2B cells had been 

transfected and the CAT assay was correctly performed. 
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Figure 5.6. pCSFpI Activity in BEAS-2B Cells. BEAS-2B cells were plated at a 
density of 1.5 x 10 cells per plate in LHC-9 media without hydrocortisone 24 h prior to 
transfection. Plates were transfected with 7 fig pCSFpl, 5 |ig p6RGR, or 2 |ig pMMCAT 
as indicated. All plates received 2.5 (ig of pCMV-P-Gal and 1 Lipofectin reagent (1 
fig/nO per |ig of DNA. Transfection was performed as described in Chapter 3, section 
VII. After 24 h recovery, transfected cells were stimulated with TPA (10 ng/ml), IL-1 (3 (5 
ng/ml) or DEX (10"^ M) for 24 h as indicated. Cells were harvested and assayed for CAT 
activity as described in Chapter 3, section X. A representative autoradiograph from 1 of 2 
individual experiments is shown. 

There are numerous possibilities for the lack of expression observed with the 

pCSFpl reporter plasmid in the BEAS-2B cells. In an original report with pCSFpl, it was 

transfected into the S-LB-I T-lymphocyte cell line, and an approximate 5-fold induction 
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in CAT activity was observed with phytohemagglutinin and phorbol 12-myristate 13-

acetate stimulation [112]. Another independent group reported CAT gene activation from 

a 617 bp fragment of the human GM-CSF promoter upstream from the transcription start 

site in the Jurkat human T-cell line, when stimulated with phorbol dibutyrate (PDBu) and 

the calcium ionophore, ionomycin [118], For a positive control, Jurkat T-cells were 

obtained and transiently transfected with pCSFpI by electroporation. Immediately after 

transfection cells were stimulated in the presence and absence of PDBu and ionomycin 

for 24 h. As a positive control for transfection, cells were also transfected with the 

constitutive CAT plasmid, pRSV-CAT. Results from this experiment are shown in figure 

5.7. The pCSFpl reporter construct showed no transcriptional activity. The presence of 

acetylated products seen with the pRSV-CAT reporter plasmid indicated that the Jurkat 

T-cells had been transfected and the CAT assay was correctly performed. This result, 

together with the BEAS-2B transfection result, demonstrated that the pCSFpl reporter 

plasmid was non-functional. After obtaining these results, approximately 150 bp of the 

pCSFpl reporter plasmid were sequenced from both the 5' and 3' ends of the 600 bp 

fragment to confirm its identity. Sequence data revealed no abnormalities. The reason for 

the lack of pCSFpl activity in either Jurkat or BEAS-2B cells is unclear. 
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Figure 5.7. pCSFpl Activity in Jurkat T-ceils. Jurkat T-cells were electroporated at a 
density of 5 x 10^ ceils per 500 (il RPMI 1640 media without supplements (see Chapter 3, 
section VIII for electroporation procedure). The 500 )a.l samples were transfected with 10 
Hg pCSFpl or 10 |ig pRSVCAT as indicated. All samples were transfected with 5 |ig 
pCMV-P-Gal. Following electroporation cells were stimulated with PDBu (50 ng/ml) and 
lonomycin (0.5 ng/ml) for 24 h as indicated. Cells were harvested and assayed for CAT 
activity as described in Chapter 3, section X. 

Examination of the effects of IL-ip and DEX on GM-CSF transcription was again 

attempted with the reporter plasmid pHGM3.3. The pHGM3.3 plasmid contains 3.3 kb of 

the sequence upstream from the human GM-CSF gene transcription start site upstream of 
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the CAT reporter gene [119]. This plasmid was transiently transfected into the BEAS-2B 

cell line by lipofaction, and cells were stimulated with IL-ip or TPA for 24 h. Cells were 

also transfected with the reporter plasmid pNF-(icB)6 to positively control for the 

transfection procedure. Results from this experiment are shown in figure 5.8. The 

pHGM3.3 reporter construct showed no transcriptional activity. The presence of 

acetylated products seen with the PNF-(KB)6 reporter plasmid indicated that the BEAS-

2B cells had been transfected and the CAT assay was correctly performed. This 

experiment was repeated a second time using TPA and the calcium ionophore A-23187 

as stimulators as was done in the original publication by Cockerill et.al. [119]. This 

experiment also did not result in any transcriptional activity from the pHGM3.3 reporter 

plasmid (data not shown). 
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Figure 5.8. pHGM3.3 Activity in BEAS-2B Cells. BEAS-2B cells were plated at a 
density of 1 x 10^ cells per plate in hydrocortisone-deficient LHC-9 media 24 h before 
transfection. Plates were transfected with 30 jig pHGM3.3 or 1 |ag PNF-(KB)6 as 
indicated. All plates received 2.5 |ig of pCMV-P-Gal and 1 ^g Lipofectin reagent (1 
Hg/^il) per }ig of DNA. Transfection was performed as described in Chapter 3, section 
VII. After 24 h recovery, transfected cells were stimulated with TPA (10 ng/ml) or IL-ip 
(5 ng/ml) for 24 h as indicated. Cells were harvested and assayed for CAT activity as 
described in Chapter 3, section X. A representative autoradio graph from 1 of 3 individual 
experiments is shown. 

The pHGM3.3 plasmid was also transfected into primary human bronchial 

epithelial cells to test its function in epithelial cells that have not been immortalized. The 

primary cells were transiently transfected by lipofection and after 24 h, stimulated with 
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IL-1 (3 and TPA with ionomycin in the presence and absence of DEX. Cells were also 

transfected with the expression plasmid pRSV-CAT to positively control for the 

transfection procedure. Results from this experiment are shown in figure 5.9. There was 

no transcriptional activity measured from the pHGM3.3 reporter construct in the primary 

epithelial cells. The presence of acetylated products seen with the pRSV-CAT expression 

plasmid indicated that the primary cells had been transfected and the CAT assay was 

correctly performed. 
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Figure 5.9. pHGM3.3 Activity in Primary Bronchial Epithelial Cells. Primary cells 
were plated at a density of 1 x 10^ cells per plate in LHC-9 media without hydrocortisone 
24 h before transfection. Plates were transfected with 10 fig pHGM3.3 or 5 fig pRSV-
CAT as indicated. All plates received 2.5 |ig of pCMV-P-Gal and 1 |ig lipid reagent (1 
|ig/|al) per |ig of DNA. Transfection was performed as described in Chapter 3, section 
VII, After 24 h recovery, transfected cells were stimulated with IL-1 (3 (1 ng/ml) or TPA 
(10 ng/ml) and ionomycin (1 ng/ml) in the presence and absence of DEX (10"^ M) for 24 
h as indicated. Cells were harvested and assayed for CAT activity as described in Chapter 
3, section X. 
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Also to test the functional ability of this plasmid, Jurkat T-cells were transfected 

with pHGM3.3 by electroporation. In the work by Cockerill et.al., Jurkat T-cells were 

used to examine GM-CSF transcription [119]. Twenty-four hours after transfection, cells 

were stimulated for 6 h with TPA and ionomycin in the presence and absence of 

cyclosporin. Cells were then washed with buffer and cultured again for 24 h in fresh 

media as described by Cockerill et.al. [119]. One sample of cells was transfected with 

pRSV-CAT for a positive transfection control. Results from this experiment are shown in 

figure 5.10. There was no transcriptional activity measured from the pHGM3.3 reporter 

construct under any conditions of stimulation in the Jurkat T-cells. The presence of 

acetylated products seen with the pRSV-CAT reporter plasmid indicated that the Jurkat 

T-cells had been transfected and the CAT assay correctly performed. From these 

experiments it was concluded that the pHGM3.3 reporter plasmid was also non-

fimctional. 
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Figure 5.10. pHGM3.3 Activity in Jurkat T-cells. Jurkat T-cells were electroporated at 
a density of 5 x 10^ cells per 500 fil RPMI 1640 media without supplements (see Chapter 
3, section VIII for electroporation procedure). The 500 jal samples were transfected with 
10 |j.g pHGM3.3 or 10 pRSV-CAT as indicated. All samples were transfected with 2.5 
fig pCMV-p-Gal. Following electroporation, cells were cultured in RPMI 1640 media 
supplemented with 5% bovine calf serum and 1 % penicillan/streptomycin for 24 h. Cells 
were then stimulated with TPA (20 ng/ml), ionomycin (1 ng/ml), cyclosporin (CsA, 0.1 
|iM), or IL-ip (5 ng/ml) for 6 h as indicated. Cells were washed with PD buffer and 
cultured for an additional 24 h in supplemented RPMI 1640 media. Cells were harvested 
and assayed for CAT activity as described in Chapter 3, section X. A representative 
autoradiograph from 1 of 2 individual experiments is shown. 
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In a final attempt to study the effects of IL-ip and DEX on GM-CSF transcription 

using a plasmid reporter construct, the pPF2000 reporter construct containing 2 kb of the 

human GM-CSF promoter region upstream of the CAT reporter gene was utilized [114]. 

This plasmid was transiently transfected into the BEAS-2B cell line with adenovirus, and 

cells were stimulated with IL-ip in the absence or presence of DEX for 24 h. Cells were 

also transfected with the expression plasmid pRSV-CAT to positively control for the 

transfection procedure. Results firom this experiment are shown in figure 5.11. There was 

no transcriptional activity measured from the pPF2000 reporter construct. The presence 

of acetylated products seen with the pRSV-CAT expression plasmid indicated that the 

BEAS-2B cells had been transfected and the CAT assay was correctly performed. 
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Figure 5.11. pPF2000 Activity in BEAS-2B Cells. BEAS-2B ceils were plated at a 
density of 1.5 x 10^ cells per plate in LHC-9 media without hydrocortisone 24 h before 
transfection. Plates were transfected using adenovirus with 20 |ig pPF2000 or 5 |ag 
pRSV-CAT as indicated. All plates were transfected with 3.5 (ig of pCMV-P-Gal. 
Transfection was performed as described in Chapter 3, section EX. After 24 h recovery, 
transfected cells were stimulated with IL-ip (1 ng/ml) with or without DEX (10"^ M) for 
24 h as indicated. Cells were harvested and assayed for CAT activity as described in 
Chapter 3, section X. A representative autoradiograph from 1 of 2 individual experiments 
is shown. 

One possible explanation suggested for these transfection data and the previous 

results was that the GM-CSF promoter is very weak and CAT assays are not sensitive 

enough to detect changes in transcriptional activity. To investigate this possibility, the 2 



83 

kb GM-CSF promoter fragment from pPF2000 was cloned into the multiple cloning site 

of the pGL3-LUC reporter plasmid that contains the gene encoding the firefly luciferase 

protein. This plasmid, termed pGL3-PF2000, was transfected with adenovirus into 

BEAS-2B cells at concentrations of I, 5 and 10 |ag, and cells were stimulated with IL-l (3 

for 24 h. The expression plasmid pGL3-Control, which constitutively produces luciferase 

protein, was also transfected into BEAS-2B cells as a positive control for transfection and 

the luciferase assay. Negligible amounts of luciferase activity were detected from the 

pGL3-PF2000 reporter plasmid at both basal levels and after IL-lp stimulation (data not 

shown). Significant luciferase activity was measured in cells transfected with pGL3-

Control, indicating the transfection and luciferase assays were correctly performed. 

From these transfection data, it was concluded that using a GM-CSF promoter 

construct to study transcriptional regulation of the GM-CSF gene in the BEAS-2B cells 

was not a feasible option. Another technique often used to examine changes in gene 

transcription is nuclear run-on analysis. Nuclear run-on analysis is performed by isolating 

nuclei from cells under stimulation and allowing them to carry on transcription in vitro in 

the presence of ^^P-labelled uridine triphosphate. Nuclear RNA is then isolated and 

hybridized with cDNA cross-linked onto a nylon membrane. Changes in transcription are 

seen as increases or decreases in band density when the membrane is exposed to film. 

BEAS-2B cells were stimulated with IL-1P in the presence and absence of DEX for 2 h. 

To detect GM-CSF transcripts, the pCR-GM plasmid, containing 205 bp of GM-CSF 

cDNA (see Chapter 3, section IV), was linearized, denatured and concentrated onto a 

nylon membrane using a slot-blot apparatus. The plasmid pTZ-GAP which contains 
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approximately 800 bp of the glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene 

was also linearized, denatured and concentrated onto the membrane to control for RNA 

concentration. As a control for GM-CSF background levels, the pCR2.1 vector was also 

linearized, denatured and added to the membrane. Figure 5.12 shows results from a 

nuclear run-on assay performed in this manner. GAPDH bands were clearly detectable, 

but GM-CSF bands appeared no darker than those detected with pCR2.1, indicating that 

GM-CSF was not being detected. For the Northern blots discussed earlier, GM-CSF was 

only detected when whole-cell mRNA was isolated. In this assay, a total RNA prep is 

done with only the nuclear fraction of the cells. This suggests that the concentration of 

GM-CSF RNA is too low to detect by this assay, and it was concluded that nuclear run-

on analysis was also not a feasible option for studying transcriptional regulation of GM-

CSF expression. 
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Figure 5.12. Nuclear Run-On Analysis of GM-CSF Expression in BEAS-2B Cells. 
BEAS-2B cells were treated for 2 h with IL-ip (1 ng/ml) in the presence and absence of 
DEX (10'^M). Cells were then harvested and nuclei isolated for nuclear run-on analysis 
as described in Chapter 3, section XII. Hybridization membrane contained 40 |ig pCR-
GM linearized with Bam HI, 20 pTZ-GAP linearized with Eco RI, and 20 |ig pCR2.1 
linearized with Eco RI. A representative autoradiograph is shown for 1 of 4 individual 
experiments. 

To examine the effect of glucocorticoids on GM-CSF transcription from another 

aspect, the decay rate of GM-CSF mRNA was investigated in the presence and absence 

of DEX. Glucocorticoids have been shown to change the mRNA decay rates of several 
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cytokine genes including IL-6, IL-ip and interferon-P [76,92,93]. GM-CSF can also be 

regulated through mRNA stability mechanisms [109], but it is not known if 

glucocorticoids can affect the decay rate of GM-CSF. BEAS-2B cells were stimulated for 

2 h with IL-ip or IL-ip and DEX. The transcription inhibitor actinomycin D was then 

added and mRNA isolated at 10, 20 and 30-min time points after the addition of 

actinomycin D for Northern analysis. Results from experiments performed in this manner 

are shown in figure 5.13. No significant effect of DEX on GM-CSF mRNA decay rate 

was demonstrated by comparison of the decay curves in the presence and absence of 

DEX (Fig. 5). Data were fit to a log linear regression model {P = 0.3624). 
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Figure 5.13. Glucocorticoid Effect on GM-CSF mRNA Decay Rate. BEAS-2B cells 
were treated with IL-1 P (1 ng/ml) or both IL-ip and DEX (10"^ M) for 2 h. Following 
this treatment, actinomycin D (Act. D, 10 ^g/ml) was added to stop transcription (t = 0) 
and mRNA was isolated at the indicated time points for northern blot analysis (see 
Chapter 3, sections V and VI). a) A representative Northern blot from n=5 individual 
experiments is shown, b) Histogram of Northem autoradiographs quantitated by 
densitometry The percent of GM-CSF mRNA present was calculated relative to the 
amount at t = 0 (100%). Data are presented as the means ± the SE for n=5 experiments (P 
= 0.3624). 

From the results discussed in this chapter, a number of conclusions can be drawn. 

First, IL-ip induces GM-CSF mRNA transcripts, and this induction is clearly through 

transcriptional activation. Second, DEX can inhibit the IL-ip-induced GM-CSF mRNA 

transcripts by an average of 50%. Third, DEX has no significant effect on the decay rate 
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of GM-CSF mRNA transcripts. Together, these data support the conclusion that DEX 

inhibition of IL-ip-induced GM-CSF mRNA transcripts is predominantly through 

mechanisms directly interfering with GM-CSF transcription. Lastly it can be concluded 

that neither nuclear run-on analysis, nor reporter assays from GM-CSF promoter 

fragments, are feasible means for investigating GM-CSF transcription in the BEAS-2B 

cells. 
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CHAPTER 6 - INVESTIGATION OF IxB-a IN GM-CSF REGULATION BY 
GLUCOCORTICOIDS 

I. Effect of Glucocorticoids on NF-kB Function and IkB-u Expression in BEAS-2B Cells 

The mechanisms of transcriptional inhibition of GM-CSF expression, mediated by 

glucocorticoids, could be further examined by investigating a possible role for IicB-a, an 

inhibitory protein of the transcription factor NF-kB. The active NF-kB transcription 

factor is traditionally a heterodimer of two proteins: p65 and p50 [120]. This heterodimer 

is retained in the cytoplasm by IicB-a, and will only translocate into the nucleus upon 

phosphorylation and dissociation from IicB-a [100]. Previous studies reported that IicB-a 

protein and RNA levels were increased after glucocorticoid stimulation [105,106]. The 

question of whether treating the BEAS-2B cells with glucocorticoids would cause an 

increase in IicB-a activity was then addressed. BEAS-2B cells were treated with DEX for 

30, 60 and 90 min and then harvested for Northern blot analysis. The membrane was 

probed with a 1 kb cDNA fragment of IicB-a excised from the pCMV-MAD3 expression 

plasmid withXba I and Apa I. Figure 6. la shows results from an experiment performed 

in this manner. iKB-a RNA was low to undetectable in unstimulated cells {Lane 1), but 

rapidly induced and detected within 30 min of stimulation. The transcript was estimated 

to be 1.8 kb by size comparison with cyclophilin (0.9 kb) and the 18S ribosomal subunit 

(1.9 kb). Figure 6.1b shows a histogram that summarizes induction data from several 

experiments where the autoradiographs were quantitated by densitometry. IicB-a RNA 

levels reached a maximum 3 fold induction over basal after 60 min of stimulation. 
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Cyclophilin levels were co-analyzed with IicB-a to control for RNA loading. From these 

data it can be concluded that DEX can induce IicB-a RNA levels in the BEAS-2B cells. 
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Figure 6.1. Glucocorticoid Induction of iKB-a RNA. BEAS-2B cells were stimulated 
with DEX (10"^ M) for the indicated times. Total RNA was isolated and Northem analysis 
was performed as described in Chapter 3, sections V and VI. a) A representative 
Northem blot is shown, b) Histogram of results from Northem autoradiographs 
quantitated by densitometry (see Chapter 3, section VI). The fold induction of GM-CSF 
mRNA was calculated relative to the basal level and presented as the means + SE for n=3 
experiments. For experiments in which the basal level was undetectable by densitometry, 
it was assigned a value of 0.1 for calculation purposes. 

Having observed an induction in IicB-a RNA by glucocorticoids in the BEAS-2B 

cells, this study next addressed the question of whether IicB-a protein was also induced 

and detectable in these cells. To examine this, BEAS-2B cells were treated with DEX for 

1 and 2-h time points. In addition, BEAS-2B cells were treated with IL-lp or IL-ip and 

DEX for 1 and 2-h time points to determine whether glucocorticoids could inhibit IicB-a 
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protein degradation induced by IL-ip. Degradation of IicB-a protein generally indicates 

activation of the NF-icB signaling pathway. Cellular proteins were isolated following 

stimulation and immediately used for Western blot analysis. Figure 6.2 shows results 

from an experiment performed in this manner. IKB-Q was detected as a 40 kDa protein, 

determined by size comparison with known molecular weight protein standards. IicB-a 

protein was significantly reduced after 1 h of stimulation with IL-ip, but resynthesized to 

basal levels by 2 h. Stimulating the cells with IL-ip in the presence of DEX did not affect 

this pattern of iKB-a protein expression. Treatment with DEX alone had no obvious 

effect on IxB-a protein as compared to basal levels. These data indicate that 

glucocorticoids do not cause a significant induction of licB-a protein in BEAS-2B cells, 

and that DEX does not inhibit the degradation of IicB-a induced by IL-1 p, indicative of 

NF-KB activation. 
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Figure 6.2. IicB-a Protein Analysis in BEAS-2B Cells. BEAS-2B cells were 
stimulated with IL-ip (1 ng/ml), DEX (10"^ M), or IL-ip and DEX for the indicated 
times. Cellular proteins were isolated and used for Western blot analysis as described in 
Chapter 3, sections XIII and XIV. A representative autoradiograph from one of two 
individual experiments is shown. 

To further examine the observation that glucocorticoids do not inhibit the IL-ip-

induced activation of the NF-KB signaling pathway. Western analysis was used to 

determine if DEX treatment would prevent nuclear translocation of p65. An earlier study 

demonstrated that the p65 subunit of NF-KB was required for inhibition of NF-KB 

signaling by iKB-a [101]. The ability of DEX to inhibit p65 translocation would suggest 

licB-a involvement in the mechanism of action for glucocorticoid repression of NF-icB 

signaling. BEAS-2B cells were stimulated with IL-ip in the presence and absence of 

DEX for 15, 30 and 60 min. Cells were harvested following stimulation and cytoplasmic 

and nuclear proteins were separately isolated and used for Western blot analysis. Results 
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from an experiment perforaied in this manner are shown in figure 6.3. In the absence of 

stimulation, ail of the p65 protein was detected in the cytoplasmic protein fraction. 

Following stimulation, p65 was clearly detected in the nuclear protein fraction as well as 

the cytoplasmic fraction, and present at all the time points sampled. Treating the cells 

with DEX did not prevent the appearance of p65 in the nuclear fraction, indicating DEX 

was unable to prevent nuclear translocation of p65. 

IL-1(3 

0 30 60 
n r 

IL-lp + DEX 

15 30 60 time (min) 
t 'C N" "C H 'C N' t ^ 5 'C ^ 

p65-

Figure 6.3 Glucocorticoid Effect on p65 Nuclear Translocation. BEAS-2B cells were 
stimulated with IL-ip (1 ng/ml) with and without DEX (10"^ M) for the indicated times. 
Cytoplasmic and nuclear proteins were isolated as described in Chapter 3, section XIII, 
and used for Western blot analysis as described in Chapter 3, section XIV. A 
representative autoradiograph from one of three individual experiments is shown. (C = 
cytoplasmic proteins, N = nuclear proteins) 

II. Regulated Expression oflKB-a: Establishing Stable Cells Lines 

The data discussed previously showed that in the BEAS-2B cells glucocorticoids 

minimally induced expression of iKB-a RNA and did not affect IicB-a protein levels. 
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However, a study by LeVan et.al. in BEAS-2B cells showed that TNF-a-mediated 

activation of NF-KB signaling can be repressed by DEX [97]. This suggests that in 

BEAS-2B cells, glucocorticoids are inhibiting NF-KB signaling through a mechanism 

other than by induction of NF-KB inhibitory proteins. The hypothesis of this study, that 

glucocorticoids are inhibiting IL-ip-induced GM-CSF production by blocking NF-KB 

signaling, through over-expression of IKB-a, has therefore been proven false. Rather then 

examine alternative mechanisms by which glucocorticoids could inhibit NF-KB signaling, 

the role of NF-KB in IL-1 P-induced GM-CSF expression was addressed. Data from 

previous chapters clearly show that glucocorticoids inhibit IL-1 P-induced GM-CSF 

expression at predominantly the transcriptional level. If NF-KB is significantly involved 

in the IL-1 P-induction of GM-CSF, and glucocorticoids are inhibiting NF-KB signaling, 

then blocking NF-KB signaling in the BEAS-2B cells should result in inhibition of GM-

CSF protein expression similar to that observed when BEAS-2B cells are treated with IL-

ip in the presence of DEX. This introduced the idea of developing a stable BEAS-2B cell 

line that would over-express IKB-a. Such a cell line would theoretically be deficient in 

NF-KB signaling. With this in mind, the pCMV-MAD-3 expression plasmid, that 

constitutively produces human IKB-O, was transiently transfected into BEAS-2B cells to 

test its ability to inhibit NF-KB signaling. The reporter plasmid PNF-(KB)6 that contains 

six tandem NF-KB response elements, was used to detect NF-KB signaling. Results from 

this experiment are shown in figure 6.4. The pCMV-MAD-3 expression plasmid 
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inhibited NF-KB activity detected in BEAS-2B ceils at both the basal level and following 

IL-ip stimulation. 

m 
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Figure 6.4. Effect of pCMV-MAD-3 Expression in BEAS-2B Cells. BEAS-2B cells 
were plated at a density of 1 x 10^ cells per plate in hydrocortisone-deficient LHC-9 
media 24 h before transfection. Plates were transfected with 2 \xg pNF-(kB)6 and 5 (ag 
pCMV-MAD-3 as indicated. All plates received 5 |ig of pCMV-(3-Gal and 1 fig lipid 
reagent (1 ng/fil) per jig of DNA. Transfection was performed as described in Chapter 3, 
section VII. After 24 h recovery, transfected cells were stimulated with IL-1 p (5 ng/ml) 
for 24 h as indicated. Cells were harvested and assayed for CAT activity as described in 
Chapter 3, section X. A representative autoradiograph fi-om 1 of 2 individual experiments 
is shown. 
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These data demonstrated that the pCMV-MAD-3 expression plasmid can 

significantly inhibit NF-KB signaling in BEAS-2B cells. This result suggested that the 

pCMV-MAD-3 plasmid could be used to establish a stable cell line that constitutively 

over-expresses IicB-a. The pCMV-MAD-3 was then transiently transfected into BEAS-

28 cells. This plasmid encodes a neomycin resistance gene, so, at forty-eight hours after 

transfection, cells were selected with G-418. Five of nine colonies isolated developed into 

clonal cell lines and were screened for over-expression of IicB-a by Northern blot 

analysis. Figure 6.5 shows the results from this analysis. None of the 5 clonal lines 

significantly over-expressed iKB-a RNA. 
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Figure 6.5. Northern Analysis of BEAS-2B/lKB-a Stable Cell Lines. Confluent plates 
of the iKB-a clonal cell lines (Janes 2-6) and BEAS-2B parent cell line {lane 7) were 
cultured in LHC-9 media supplemented with 100 |ag/ml G-418 and harvested for RNA 
isolation and Northern blot analysis as described in Chapter 3, sections V and VI. 

This result was not entirely surprising for several reasons. First, very few colonies 

developed following G-418 selection and it is extremely unlikely that the stable over-

expression efficiency was as high as one in five. Second, the NF-KB signaling pathway is 
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of vital importance to the activation of many genes involved in normal cell growth, and a 

cell line that constitutively over-expressed high levels of IxB-a would not likely survive 

selection. Another approach to making stable BEAS-2B cell lines that over-express licB-

a, but avoid the problem just mentioned, is to use a regulated expression system to 

control the period of time that iKB-a is over-expressed. The ecdysone-inducible 

mammalian expression system (Invitrogen) was then obtained and used for this purpose. 

The ecdysone-inducible expression system, based on the molting induction 

system in Drosophila, consists of two expression plasmids that are activated by the 

synthetic steroid hormone muristerone A. Muristerone A is an analog of the insect steroid 

hormone 20-OH ecdysone, and is foreign to mammalian cells. The first expression 

plasmid, pVgRXR, encodes two receptors: the ecdysone receptor modified to contain the 

VP 16 transactivation domain (VgEcR), and the retinoid X receptor (RXR). The second 

plasmid, pIND, contains 5 modified ecdysone response elements (E/GRE), in tandem, 

upstream of a heat shock minimal promoter (hsp), and a multiple cloning site for 

insertion of the gene of interest. The modified ecdysone response elements consist of a 

half-site from the wild-type ecdysone receptor and a half-site from the mammalian 

glucocorticoid receptor. The presence of muristerone A activates the system by causing 

the VgEcR and RXR receptors to form a heterodimer capable of nuclear translocation 

and of binding to the modified ecdysone response elements. When both expression 

plasmids are stably expressed in a cell line, treating the cells with muristerone A induces 

the expression of the gene of interest for the period of time muristerone A is present. 

Figure 6.6 shows a cartoon of this system. 
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Figure 6.6. The Ecdysone-Inducibie Expression System. 

To establish a stable cell line that expressed the VgEcR and RXR receptors, 

BEAS-2B cells were transiently transfected with the pVgRXR expression plasmid as 

described in Chapter 3, section XV. The pVgRXR plasmid contains a resistance gene to 

the antibiotic Zeocin. Forty-eight hours after transfection the selection process was 

started by placing the cells in LHC-9 media supplemented with Zeocin (200 ng/ml). 
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Twenty-two colonies were isolated and grown into clonal cell lines. The clonal cell lines 

were screened for expression of the VgEcR and RXR receptors by transient transfection 

with the reporter plasmid pIND-LUC. The pIND-LUC plasmid contains the luciferase 

gene downstream of the 5 modified ecdysone response elements and the heat shock 

protein minimal promoter. Twenty-four hours after transfection, cells were stimulated 

overnight with muristerone A and assayed for luciferase activity. Table 6.1 shows the 

results of the luciferase assay. Several cell lines demonstrated significant luciferase 

activity in the presence of muristerone A. Several of these cell lines also had very low 

luciferase activity in the absence of muristerone A, indicating tightly regulated expression 

of the induction system. From these data it was concluded that cell lines stably expressing 

the VgEcR and RXR receptors had been established. 
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Table 6.1. Screening VgRXR Stables. Clonal cell lines were plated at a density of 300 
000 cells per well in 6-well tissue culture plates (Falcon) in LHC-9 media, supplemented 
with 200 lig/ml Zeocin, 24 h prior to transfection. Wells were transfected by lipofection 
with 10 pg pIND-lKB-a as described in Chapter 3, section VII. Twenty-four hours after 
transfection cells were stimulated with muristerone A (Mur. A, 10"^ M) for 24 h, and then 
harvested and assayed for luciferase activity as described in Chapter 3, section XI. The 
fold induction was calculated relative to the basal level of luciferase activity for each 
clonal line. 

Luciferase Activitv 

Clonal Line # - Mur. A + Mur. A Fold Induction 

1 0.130 0.104 — 

2 0.122 1.932 15.8 
3 0.110 0.116 — 

4 0.072 7.948 110.4 
5 0.187 0.250 1.3 
7 0.034 0.217 6.4 
8 0.071 0.072 — 

9 0.082 0.059 — 

10 2.567 1.928 — 

12 1.145 21.54 18.8 
13 4.524 12.21 2.7 
16 1.278 30.42 23.8 
17 1.785 6.281 3.5 
18 2.994 15.77 5.3 
19 1.155 51.36 44.5 
20 1.319 25.62 19.4 
21 1.864 29.00 15.6 
22 10.24 331.9 32.4 
23 3.088 85.30 27.6 
24 5.480 209.5 38.2 
25 6.104 197.5 32.4 
26 2.302 40.72 17.7 
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To establish a cell line that would over-express iKB-a under the control of 

muristerone A, VgRXR clonal lines numbered 4 and 19 were transiently transfected by 

lipofection with the expression plasmid pIND-IicB-a as described in Chapter 3, section 

XV. The cloning of pIND-LKB-a is described in Chapter 3, section IV. Forty-eight hours 

after transfection, the selection process was started by placing the cells in LHC-9 media 

supplemented with both G-418 and Zeocin. Forty-six clonal cell lines were established 

and screened from the VgRXR #4 parent, and six were established and screened from the 

VgRXR #19 parent. Confluent plates were stimulated for 24 h with muristerone A, 

harvested, and screened for over-expression of IicB-a by Northern blot analysis as 

described in Chapter 3, section VI. Figure 6.7 shows the results of a Northern blot where 

3 clonal cell lines from the VgRXR #4 parent and 1 from the VgRXR #19 parent were 

screened. Cell lines 4-15 and 4-24 demonstrate significant over-expression of iKB-a 

RNA when treated with muristerone A. None of the cell lines derived from the VgRXR 

#19 parent showed iKB-a over-expression when stimulated with muristerone A. This was 

not unexpected due to the low number of colonies that survived selection and developed 

into clonal lines. Of the forty-six cell lines derived from the VgRXR #4 parent, ten 

showed significant IKB-U RNA induction when treated with muristerone A, indicating an 

approximate 20% expression efficiency. From these screening data it was concluded that 

several cell lines, established from the VgRXR #4 parent, demonstrated regulated 

expression of iKB-a. 
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Figure 6.7. Screening pIND-lKB-a Stable Cell Lines. Confluent plates of the pIND-
IicB-a clonal cell lines were cultured in LHC-9 media supplemented with 100 |ig/ml G-
418 and 200 fig/ml Zeocin, and then stimulated with muristerone A (Mur. A, 10"^ M) for 
24 h. Cells were harvested, and total RNA isolated for Northern blot analysis as described 
in Chapter 3, sections V and VI. 

These pIND-lKB-a stable cell lines were next analyzed to determine if the 

observed over-expressed iKB-a RNA was being translated into IicB-a protein. Confluent 

plates of pIND-lKB-a stables numbered 4-7 and 4-15 were stimulated with muristerone 

A for 2 and 24 h, and harvested for Western blot analysis. Results from this experiment 

are shown in figure 6.8. In both stable lines iKB-a protein was over-expressed after 

stimulation with muristerone A. The 4-15 line showed a higher basal level of protein than 

did the 4-7 line, but the induction of IicB-a protein was significantly greater in the 4-7 
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line. The low basal level and dramatic induction of iKB-a protein in the 4-7 line indicates 

tighter regulation of the pIND-IicB-a expression plasmid in this line versus that in the 4-

15 line. The iKB-a protein appeared to be running slightly larger than what was observed 

with endogenous IicB-a protein from BEAS-2B cells (see Fig. 6.2). To determine if this 

was the case, this experiment was repeated using BEAS-2B cells in addition to the 4-7 

and 4-15 lines. IKB-U protein isolated from the 4-7 and 4-15 lines ran at exactly the same 

size as BEAS-2B endogenous iKfi-a protein (data not shown), hi addition, muristerone A 

stimulation did not induce iKB-a protein in the BEAS-2B cells at either the 2 or 24-h 

time points. From these data it was concluded that both the 4-7 and 4-15 pIND-IicB-a 

stable cell lines successfiilly utilize the ecdysone regulated expression system and 

demonstrate muristerone A regulated expression of IicB-a protein. 

4-7 4-15 
I 1 I 1 

Mur. A Stimulation 0 2 24 0 2 24 hours 

•< IicB-a 

Figure 6.8. IicB-a Protein Expression in pIND-lKB-a Stable Cell Lines. Confluent 
plates of pIND-lKB-a stable cell lines numbered 4-7 and 4-15, cultured in LHC-9 media 
supplemented with G-418 (100 |xg/ml) and Zeocin (200 |ig/ml), were stimulated with 
muristerone A (Mur. A, 10"^ M) for the times indicated. Cellular protein was isolated and 
used for Western blot analysis as described in Chapter 3, sections XIll and XIV. A 
representative autoradiograph is shown from one of two individual experiments. 
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III. Regulated Expression of IkB-o: Functional Analysis of Stable Cell Lines 

The previous data demonstrated the development of stable cell lines in which the 

expression of the iKB-a gene is regulated by a foreign hormone. The accepted ftmction of 

iKB-a is to serve as an inhibitory protein of the NF-icB transcription factor. To test this 

function in the pIND-IicB-a stable cell lines, six regulated cell lines, that had previously 

demonstrated significant increases in licB-a RNA when stimulated with muristerone A, 

were transiently transfected by lipofection with the reporter plasmid pNF-(KB)6. As a 

negative control, one stable cell line that did not show increased IicB-a RNA expression 

when stimulated with muristerone A was also tested in this manner. Cells were stimulated 

with IL-ip or IL-ip and muristerone A for 24 h and assayed for CAT activity. 

Muristerone A was added to the cells 2 h before IL-1 p. Figure 6.9 shows some of the 

results from this experiment. None of the stable lines tested showed a decrease in IL-1P-

induced CAT activity. The negative control also did not show any decrease in IL-1 p-

induced CAT activity (not shown). This experiment was also repeated with the reporter 

plasmid pNF-(icB)6-LUC, which contains the luciferase reporter gene instead of CAT to 

verify the sensitivity and results of the CAT assay. In this experiment, muristerone A was 

added to the cells 24 h before IL-ip, instead of 2 h before as done in the previous 

experiment. The pIND-lKB-a stable cell lines did not inhibit IL-1 P-induced luciferase 

activity when treated with muristerone A (data not shown). From these experiments it 

was concluded that over-expression of IicB-a in the pIND-lKB-a stable cell lines was not 

inhibiting NF-icB signaling in the presence of muristerone A. 



Basal IL-1 IL-1+ Basal IL-1 IL-1+ Basal IL-1 IL-1+ 
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Figure 6.9. Effect of IKB-a-Regulated Expression on NF-KB Function. Stable pIND-
IicB-a cells were plated at a density of 1 x 10^ cells per plate in LHC-9 media, 
supplemented with G-418 (100 |ig/ml) and Zeocin (200 (ig/ml), 24 h before transfection. 
Plates were transfected with 1 fig pNF-(KB)6.5 jig of pCMV-P-Gal and 1 |ig lipid reagent 
(1 |ig/|il) per fig of DNA. Transfection was performed as described in Chapter 3, section 
VII. After 24 h recovery, transfected cells were stimulated with IL-1 P (1 ng/ml) in the 
presence and absence of muristerone A (Mur. A, 10"^ M) for 24 h as indicated. Cells were 
harvested and assayed for CAT activity as described in Chapter 3, section X. 

The result obtained was completely unexpected. The pIND-ItcB-a stable cell lines 

clearly demonstrate increased expression of iKB-a RNA and protein, yet do not 

demonstrate any ftmctional activity. Some inhibition of activity from the reporter 

plasmids was expected based on the data from the Northern and Western analyses. The 
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most likely possibility for this result is rapid degradation of iKB-a. In response to NF-kB 

activation signals, iKB-a protein is phosphorylated, ubiquitinated, and subsequently 

degraded by proteosomes [121,122,123]. These events occur whether IicB-a protein is 

bound or unbound to NF-KB, and are essential steps in activating NF-KB signaling [124]. 

This suggests that in the pIND-lKB-a stable cell lines, treating the cells with IL-1 (3, 

results in rapid degradation of IicB-a protein produced by the regulated expression 

system. To mvestigate this possibility, the plasmid pCMX-lKBaM was used to generate 

the expression plasmid pIND-IicBaM (see Chapter 3, section IV for details). IxBaM is a 

dominant-negative IicB-a protein produced from the IicB-a gene in which critical 

phosphorylation-targeted serine residues in the amino and carboxy-terminal regions have 

been mutated to alanine residues [125]. These mutations result in the IicBaM protein 

being resistant to degradation. The pIND-IicBaM expression plasmid was transiently 

transfected into the VgRXR #4 parent cell line with the reporter plasmid pNF-(KB)6-LUC 

and assayed for luciferase activity. This transient transfection should mimic the stable 

ecdysone expression system in transfected cells when treated with muristerone A, but 

eliminate the possibility of degradation. As a positive control, the pCMV-MAD-3 

expression plasmid was also transfected into the VgRXR #4 parent cells. Results from 

this experiment are shown in table 6.2 and figure 6.10. The pIND-lKBaM plasmid did 

not inhibit IL-1 P-induced NF-KB activity in the VgRXR #4 parent cell line under 

muristerone A stimulation. However, the constitutive IxB-a expression plasmid pCMV-

MAD-3 was able to mediate significant reduction of IL-1 P-induced NF-KB activity in the 
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VgRXR #4 parent cell line. It should be noted that the piasmid used to make the 

regulated stable lines, pIND-lKB-a, was tested once in this maimer and once in a 

transient transfection into the VgRXR #4 parent line with the CAT reporter construct 

pNF-(icB)6. The pIND-lKB-a piasmid was unable to inhibit IL-ip-induced NF-KB 

activity in either of these assays in the presence of muristerone A (data not shown). It 

should also be noted that at this point the amino acid sequence was determined for both 

the pIND-lKB-a and the pIND-lKBaM plasmids from their nucleotide sequence obtained 

after they were cloned from their respective CMV expression plasmids. In both cases the 

amino acid sequences matched the published sequences for these proteins. Together, 

these data suggest that the lack of fimctional ability of the pIND-lKB-a stable cell lines, 

is not due to rapid degradation of IicB-a protein, or the degradation resistant mutant 

protein, iKBaM, would inhibit NF-KB activity in the VgRXR #4 parent cell line. 
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Table 6.2. Assessment of pIND-IicBaM Function. VgRXR #4 parent cells were plated 
at a density of 200 000 cells per well in 6-well tissue culture plates in LHC-9 media, 
supplemented with 200 |ag/ml Zeocin, 24 h prior to transfection. Wells were transfected 
by adenovirus with 0.5 |ig PNF-(KB)6-LUC and 0.125 pRL-TK as described in 
Chapter 3, section IX. Indicated wells were also transfected with 2.5 jag pIND-lKBaM or 
2.5 ng pCMV-MAD-3. Cells were treated with muristerone A (Mur. A, 10"^ M) for 24 h, 
and then stimulated with IL-1 P (1 ng/ml) for 24 h as indicated. Cells were then harvested 
and assayed for luciferase activity as described in Chapter 3, section XI. Luciferase 
activity is presented as means + SE for n=2 experiments. 

Luciferase Activitv - VsRXR #4 Parent 
Cell Line 

Conditions Sample/Renilla 
Basal 0.208 + 0.042 
IL-1 1.512 + 0.093 
IL-l+pCMV-IkBa 0.352+ 0.166 

Basal 0.038 + 0.011 

Q1 
2 oa 
Q.:S 

IL-l 0.596 + 0.158 Q1 
2 oa 
Q.:S 

Mur. A 0.025 + 0.002 
Q1 
2 oa 
Q.:S IL-I + Mur. A 0.553 ±0.182 

• Basal 

• IL-1 

• IL-l+IkBa 

pIND-IkBaM pCMV-MAD-3 

Figure 6.10. Histogram of Data in Table 6.2. 
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Despite the negative results obtained with the pIND-IicBaM transient 

transfections, this plasmid was used in the established ecdysone regulated induction 

system to generate stable cell lines that over-express IKBOM in response to muristerone 

A treatment. To absolutely rule out the possibility of rapid degradation as the reason for 

the pIND-IicB-a regulated stable's lack of functional activity, it was necessary to 

compare directly these cell lines with pIND-lKBaM regulated stable cell lines, rather 

than to just the transient transfection model. To generate PIND-IKBOM regtilated stable 

cell lines, VgRXR clonal line number 4 was transiently transfected by lipofection with 

the expression plasmid pIND-lKBaM as described in Chapter 3, section XV. The cloning 

of pIND-IicBaM is described in Chapter 3, section IV. Forty-eight hours after 

transfection, the selection process was started by placing the cells in LHC-9 media 

supplemented with both G-418 and Zeocin. Twenty clonal cell lines were established, 

and five screened for expression of IicBaM. Confluent plates were stimulated for 24 h 

with muristerone A, harvested, and screened for expression of iKBaM protein by 

Western blot analysis as described in Chapter 3, section XIV. Figure 6.11 shows the 

results of this Western blot. Stable lines numbered 1 and 4 demonstrated significant 

induction of IicBaM protein after stimulation with muristerone A. The iKBaM protein 

migrated slightly faster on the polyacrylamide gel than wildtype iKB-a protein, as 

reported [125]. From these data it was concluded that both pIND-IicBaM stable cell lines 

numbered 1 and 4 successfully utilize the ecdysone regulated expression system and 

demonstrate muristerone A regulated expression of IicBaM protein. 
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Figure 6.11. Analysis of Ecdysone Regulated IKBOM Expression in Stable BEAS-2B 
Cell Lines. Confluent plates of pIND-IicBaM stable cell lines numbered 1, 3, 4, 6, and 
7, cultured in LHC-9 media supplemented with G-418 (100 |ig/ml) and Zeocin (200 
{ig/ml), were stimulated with or without muristerone A (Mur. A, 10"^ M) for 24 h. 
Cellular protein was isolated and used for Western blot analysis as described in Chapter 
3, sections XIII and XIV. 

The functional effect of IicBaM expression on NF-KB signaling was then tested in 

pIND-lKBaM stable cell lines I and 4. Both cell lines were transiently transfected by the 

adenovirus-mediated transfection method with the reporter plasmid pNF-(icB)6-LUC. 

Cells were stimulated with IL-1P or IL-1 p and muristerone A for 24 h and assayed for 

luciferase activity. Muristerone A was added to the cells either together with IL-ip, or 24 

h before IL-ip, as indicated. Results of luciferase analysis, shown in figure 6.12, 

demonstrate that the pIND-IicBaM stable cell line number 4 can mediate a 50% 

inhibition of IL-lp-induced NF-KB activity in the presence of muristerone A. Inhibition 

was not enhanced by muristerone A pre-treatment. The Western analysis of these cell 

lines (Fig. 6.11) clearly showed that both cell lines over-expressed IicBaM protein. 

However, the pIND-lKBaM stable cell line number 1 lacks the functional ability to 
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inhibit IL-1 P-induced NF-KB activity. It is unclear why one of these ceil lines 

demonstrates flmctional activity and the other does not. 

IL-1 

Pre-Mur.A (24h) 
+ IL-1 

IL-1 + Mur.A 

lKBaM#l iKBaM #4 

Figure 6.12. Effect of iKBaM-Regulated Expression on NF-KB Function. Stable pIND-
IicBaM cells from lines numbered 1 and 4 were plated at a density of 200 000 cells per 
well in 6-welI tissue cultiire plates in LHC-9 media, supplemented with 200 |ig/ml 
Zeocin and G-418 (100 ng/ml), 24 h prior to transfection. Wells were transfected by the 
adenovirus-mediated method with 0.5 ng PNF-(KB)6-LUC and 0.125 |ag pRL-TK as 
described in Chapter 3, section EX. Cells were stimulated with IL-1 P (I ng/ml) for 24 h in 
the presence and absence of muristerone A (Mur. A, 10"^ M). Altematively, some cells 
were treated with muristerone A for 24 before stimulation with IL-ip. Cells were then 
harvested and assayed for luciferase activity as described in Chapter 3, section XI. 
Luciferase activity is presented as means ± SB for n=2 experiments. 
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The PIND-IKBCCM cell line number 4, which demonstrated fimctional activity, 

was then used to examine the role of NF-KB in IL-ip-induced GM-CSF expression. It 

was hypothesized that if NF-KB is significantly involved in the IL-l P-induction of GM-

CSF, then blocking NF-KB signaling in the BEAS-2B cells should result in inhibition of 

GM-CSF protein expression. Cells from the plND-lKBaM cell line number 4 were plated 

in hydrocortisone-deficient LHC-9 media 72 h prior to experimentation. They were then 

treated with IL-ip for 10 h and levels of secreted GM-CSF protein measured by ELISA 

in the culture supematants. To induce expression of iKBaM protein, cells were treated 

with muristerone A 48 h before lL-1 P or together with IL-l p. As a positive control for 

inhibitory activity, cells were also treated with IL-ip in the presence of DEX. As a 

negative control, cells from the pIND-lKBaM cell line number 1, which lacked 

ftmctional activity, were plated and treated in an equivalent manner. Data from an 

experiment done as described are shown in figure 6.13. The pIND-lKBaM cell line 

number 4, which demonstrated functional activity, did not inhibit IL-1 P-induced GM-

CSF protein expression. In contrast, DEX treatment resulted in significant inhibitory 

activity, similar to data presented in chapter 5. The pIND-lKBaM cell line number 1, 

which lacked fimctional activity, did not inhibit IL-l P-induced GM-CSF protein 

expression as expected. However, in this cell line, DEX still mediated significant 

inhibition of IL-1 P-induced GM-CSF protein levels. Treatment with muristerone A alone 

did not affect GM-CSF protein levels as compared to the basal levels. 



114 

iKBaM #1 iKBaM #4 

H Basal 

a IL-1P 

• Pre-Mur. A 
™ +IL-1P 
n IL-ip + Mur. A 

H Mur.A 

a IL-1|3 + DEX 

Figure 6.13. Effect of IicBaM regulated expression on IL-1 p-induced GM-CSF 
expression. Ceils from pIND-lKBaM cell lines numbered 1 and 4, grown in 
hydrocortisone-deficient LHC-9 media, were treated for 10 h with IL-lp (1 ng/ml), 
dexamethasone (DEX, 10"^ M), and muristerone A (Mur. A, 10"^ M) as indicated. Culture 
supematants were collected and assayed for GM-CSF protein using an ELISA as 
described in Chapter 3, section II. GM-CSF protein concentrations were normalized to 
cell number. 

From the experiments presented in this chapter, it can be concluded that regulated 

iKB-a stable cell lines were established with both the pIND-IicB-a and pIND-lKBaM 

expression plasmids, as demonstrated by Northern and Western analyses of iKB-a RNA 

and protein in the presence of muristerone A. It can also be concluded that the pIND-lKfi-
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a regulated stables are functionally inactive, as they were unable to inhibit NF-KB 

signaling detected by NF-KB reporter piasmids. In contrast, one of the pIND-lKBaM cell 

lines, number 4, did demonstrate significant ability to inhibit NF-KB signaling detected 

by an NF-KB reporter construct. Thus, the reason for the lack of function of the pIND-

iKB-a regulated cell lines appears to be due in part to rapid degradation of iKB-a protein. 

As pIND-lKBaM cell line number 4 could only mediate a 50% inhibition of NF-KB 

activity, there eire apparently other mechanisms equally responsible for the lack of 

function of the pIND-lKB-a regulated cell lines. This is supported by the lack of function 

demonstrated by pIND-lKBaM cell line number 1, despite its significant expression of 

iKBaM protein in the presence of muristerone A. Clearly there is an unknown 

mechanism involved in this cell line's lack of function. It is likely this unknown 

mechanism is also playing a role in the pIND-lKB-a regulated cell lines. Lastly, it can be 

concluded that regardless of the functional ability to inhibit NF-KB signaling displayed 

by pIND-lKBaM cell line number 4, the regulated expression of iKBaM protein does not 

inhibit IL-ip-induced GM-CSF protein expression. 
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CHAPTER 7 - DISCUSSION 

Inflammatory cytokines secreted from epithelial cells lining the airways, such as 

GM-CSF, are thought to be important in initiating and amplifying the airway 

inflammatory response characteristic of asthma. In this study, the molecular mechanisms 

of GM-CSF expression in the BEAS-2B bronchial epithelial cell line were examined. The 

BEAS-2B cells are inmiortalized human bronchial epithelial cells that maintain normal 

phenotypic and genotypic characteristics of human bronchial epithelial cells such as 

expression of keratin, normal doubling time, sensitivity to serum, and lack of 

timiorigenicity [116]. Work done by Elizabeth Babin in John Bloom's laboratory 

(University of Arizona, Tucson, AZ) has shown the BEAS-2B cells to have a similar 

number of glucocorticoid receptors and a similar binding affinity for DEX to ex-planted 

cultures of primary human bronchial epithelial cells (unpublished data). Also, GM-CSF 

protein levels in primary bronchial epithelial cell cultures were shown to increase in 

response to IL-ip stimulation and decrease with DEX treatment (Fig. 4.6). These 

observations suggest the BEAS-2B cells would be an excellent model for analysis of 

GM-CSF regulation. 

In the absence of stimulation, the BEAS-2B cells secrete extremely low levels of 

GM-CSF. The proinflammatory cytokine IL-1 is found in elevated concentrations in the 

airways of asthmatics and has been shown to stimulate GM-CSF expression in bronchial 

epithelial cells [57,126]. In the BEAS-2B cells, a significant induction of GM-CSF 

protein and mRNA levels was observed in response to IL-1P stimulation (see Chapter 4, 
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section II. and Fig. 5.2). Transcripts were detected by northern analysis within 30 min of 

stimulation, suggesting IL-ip was affecting GM-CSF expression through direct 

transcriptional activation or post-transcriptional mRNA stabilization. Studies have shown 

that expression of the GM-CSF gene can be regulated by both transcriptional and post-

transcriptional mechanisms, depending primarily on the cell type. In fibroblasts and 

glioblastoma cells, IL-1 induced GM-CSF mRNA levels through transcriptional 

induction, as demonstrated by activation of GM-CSF promoter constructs [107,108]. In 

contrast, in B lymphocytes, IL-1 induced GM-CSF mRNA levels were a result of 

increased mRNA stability [109]. There is little known about mRNA stabilization 

mechanisms in mammalian cells, but in studies examining mRNA instability there is 

evidence that AU-rich sequences foimd in the 3' xmtranslated regions of several genes, 

including GM-CSF, are involved in mediating mRNA degradation [94,110]. In this study, 

IL-ip induction of GM-CSF expression was found to be primarily due to direct 

transcriptional activation. Treatment of BEAS-2B cells with the transcription inhibitor 

actinomycin D prior to IL-1 (3 stimulation completely abrogated the ability of IL-ip to 

induce GM-CSF mRNA levels (Fig. 5.4). The complete lack of any detectable GM-CSF 

transcripts in the cells pre-treated with actinomycin D (Fig. 5.4, lanes 3, 5, 7) indicates 

that IL-ip does not have a significant stabilization effect on existing GM-CSF mRNA in 

these cells, but does not completely rule out this possibility. 

This study also investigated whether the induction of GM-CSF by IL-ip required 

de novo protein synthesis. In cells pretreated with the translation inhibitor cycloheximide 

(CHX) there was not a significant reduction in IL-ip-induced GM-CSF mRNA 
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transcripts at the time points tested (Fig. 5.5), suggesting there was not a requirement for 

protein synthesis. However, there was an induction in mRNA levels observed at the 2 h 

time point when cells were treated with both IL-1 P and CHX. This can be explained best 

by studies done in fibroblasts that show that CHX can increase levels of GM-CSF RNA 

through post-transcriptionai stabilization [127]. From these results, it carmot be 

conclusively stated that de novo protein synthesis is not required for IL-1 P induction of 

GM-CSF, because the induction of mRNA levels above that of cells treated with IL-1 

alone is not seen at the 1 h time point. It can be concluded that de novo protein synthesis 

is not a significant requirement for the initial induction of GM-CSF by IL-l P or a 

significant inhibition of mRNA transcripts would have been observed at the 1 h time 

point. If these transcripts were due entirely to the effect of CHX, detectable transcripts in 

lane 6 of Fig. 5.5 where cells were treated with CHX alone for 2.5 h would have been 

expected. 

One of the best means of examining transcriptional activation is through the use 

of gene promoters upstream of foreign reporter genes. To obtain fiirther evidence that IL-

1P was directly activating transcription of the GM-CSF gene, three independent reporter 

constructs containing different GM-CSF promoter fiagments were obtained. Each of 

these constructs, pCSFpl, pHGM3.3, and pF2000, showed transcriptional activation in 

other cell types in previously published results [108,113,114]. However, when transiently 

transfected into BEAS-2B cells and appropriately stimulated, transcriptional activity was 

not measured firom any of the three transcripts (see Chapter 5, section II). This was 

completely unexpected. One possible explanation for these results is that induction of the 
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GM-CSF gene in the BEAS-2B cell line requires DNA activation sequences in addition 

to the promoter fragments present in these reporter constructs. Cockerill et.al. mapped a 

strong, cyclosporin-sensitive, enhancer sequence located 2.8-3.0 kb upstream of the GM-

CSF gene using DNase I hypersensitive site analysis [119]. The GM-CSF gene and the 

lL-3 gene are 10 kb apart on human chromosome 5, and this region was found to act as a 

strong enhancer to both the GM-CSF and lL-3 promoters [119]. This enhancer region is 

located a significant distance 5' of the IL-3 gene, but can still affect its transcriptional 

activation. This suggests the possibility that there is a currently unknown enhancer 

required for transcriptional activation of the GM-CSF gene in the BEAS-2B bronchial 

epithelial cells, and would explain the lack of transcriptional activity from any of the 

three constructs tested. The pCSFpl and pHGM3.3 were additionally tested in Jurkat T-

cells, and it is unclear why transcriptional activity was not obtained from either construct 

in these cells. 

In this study, nuclear run-on analysis was also performed to provide further 

evidence that IL-ip was directly activating transcription of the glucocorticoid gene. 

Bands detected in the slots containing GM-CSF cDNA were no different than bands 

detected with the empty vector control, indicating GM-CSF transcripts were not being 

detected by this assay (Fig. 5.12). In the northem blots performed in section I of chapter 

5, GM-CSF RNA transcripts were only detected when whole-cell mRNA was isolated. In 

this assay, a total RNA prep is done with only the nuclear fraction of the cells. This 

suggests that the amount of GM-CSF RNA isolated with this technique is below the 
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detection limits of tiiis assay. For this reason, it was concluded that nuclear run-on 

analysis was not a viable option for examining GM-CSF gene transcription. 

Glucocorticoid therapy effectively relieves asthmatic airway inflammation and 

inhibits inflammatory cytokine production in the cells of the lung [85]. Studies have 

shown that glucocorticoids inhibit GM-CSF expression in both tracheal epithelial cells 

and human lung tissue [56,63,70], but these studies have not addressed the mechanisms 

by which this inhibition occurs. In this study we observed that simultaneously treating 

BEAS-2B cells with IL-ip and DEX resulted in a 50% decrease in GM-CSF mRNA 

levels and an 80% decrease in secreted protein levels (Figs. 4.4 and 5.3). Glucocorticoids 

produce their effects by binding and activating cytoplasmic glucocorticoid receptors. The 

activated glucocorticoid receptors can increase gene transcription by forming 

homodimers, translocating into the nucleus, and binding to GREs (see Fig. 2.2). 

However, in genes down-regulated by glucocorticoids, GREs are generally absent, 

indicating that glucocorticoids may function through other mechanisms to inhibit 

expression of target genes. One of these mechanisms is post-transcriptional regulation of 

mRNA stability. Glucocorticoids have been shown to decrease the half-life of IL-6, IL-1P 

and interferon-(3 mRNA transcripts [76,92,93]. Coincidentally, GM-CSF can also be 

regulated through mRNA destabilization mechanisms, hi B lymphocytes, IL-1-induced 

GM-CSF mRNA levels resulted firom increased mRNA stability [109]. There is relatively 

little known about mRNA stabilization mechanisms in mammalian cells, but in studies 

examining mRNA instability there is evidence that AU-rich sequences found in the 3' 

untranslated regions of several genes, including GM-CSF, are involved in mediating 
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mRNA degradation [94,110]. In a study done on regulation of the cyclo-oxygenase-2 

gene, Ristimaki et.al. found that glucocorticoids changed the half-life of cyclo-

oxygenase-2 mRNA from I h to 0.4 h in human synovial fibroblasts [94]. The cyclo-

oxygenase-2 gene contains a conserved 3' AU-rich sequence similar to GM-CSF that may 

be involved in cyclo-oxygenase-2 mRNA destabilization [94]. This study examined the 

effect of glucocorticoids on the decay rate of IL-ip-induced GM-CSF mRNA transcripts. 

There was not a significant difference observed between the decay rates of GM-CSF 

mRNA transcripts in the presence and absence of DEX (Fig. 5.13). This indicates that the 

inhibition of GM-CSF protein and mRNA levels in the BEAS-2B epithelial cells is a 

result of transcriptional repression, rather than post-transcriptional mRNA instability. 

Research has also shown that glucocorticoids can directly inhibit gene 

transcription through interactions with transcription factors. Glucocorticoids can interfere 

with DNA binding of both the AP-1 and NF-icB transcription factors through protein-

protein interactions [95,99]. They have also been reported to prevent NF-KB translocation 

into the nucleus by upregulating an inhibitory protein, iKB-a, that anchors NF-KB in the 

cytoplasm [105,106]. Scheinman et.al. found that treating HeLa cells with DEX caused 

an average 1.5-fold increase in cytoplasmic IicB-a protein within 60 min [105]. 

Concurrently, Auphan et.al. found that treating Jurkat cells with both a phorbol ester and 

DEX resulted in 50% higher iKB-a protein levels after 45 min than the levels of iKB-a 

protein observed in unstimulated cells [106]. Both studies also observed an increase in 

iKB-a RNA levels within 60 min. In this study, the levels of both iKB-a RNA and 

protein were examined in BEAS-2B cells under conditions of DEX stimulation. iKB-a 
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RNA was low to undetectable in unstimulated cells, but rapidly induced and detected 

within 30 min of stimulation (Fig. 6.1). IicB-a RNA levels reached a maximum 3-foId 

induction over basal after 60 min of stimulation (Fig. 6.1). In contrast, IKB-U protein 

levels were not induced over basal levels after treatment with DEX (Fig. 6.2). This did 

not correlate with the data presented in the above studies. The effect of glucocorticoids 

on NF-KB activation was also examined to corroborate these results. Previous work by 

LeVan et.al. demonstrated that glucocorticoid activation repressed NF-KB transcriptional 

activation in BEAS-2B cells, as measured by an NF-KB reporter construct, by 

approximately 40% [97]. However, treatment of BEAS-2B cells with IL-ip in the 

presence of DEX did not prevent the degradation of IicB-a induced by IL-ip treatment 

alone (Fig. 6.2). In conjuction, DEX treatment did not prevent IL-ip-induced nuclear 

translocation of p65 in the BEAS-2B cells (Fig. 6.3). Degradation of IicB-a and p65 

nuclear translocation are indicative of NF-KB activation. Together, these data 

demonstrate that glucocorticoids are do not prevent IL-ip-induced activation of NF-KB, 

indicating that the repression of NF-KB transcriptional activation caused by 

glucocorticoids is not mediated through a mechanism that prevents activation, but rather 

a mechanism that prevents transcription. This suggests induction of iKB-a is not the 

mechanism by which glucocorticoids prevent NF-KB transcriptional activation. These 

results directly correlate with the data demonstrating that glucocorticoids do not induce 

iKB-a protein in the BEAS-2B cells despite a slight induction in iKB-a RNA levels. 
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Together, these data provide evidence that suggests glucocorticoid inhibition of GM-CSF 

is not mediated through induction of iKB-a. 

While the results presented here do not support the data presented by Scheinman 

et.al. and Auphan et.al., they do correlate with work done in other studies. De Bosscher 

et.al. found that DEX treatment did not induce licB-a protein levels in murine endothelial 

or fibroblast cells [128]. Instead, this study found that DEX-mediated repression of TNF-

a-induced IL-6 gene expression in these cells was due to activated OR interference of 

p65 transactivation potential [128]. A study by Brostjan et.al. also found that 

glucocorticoids did not induce IxB-a protein levels in endothelial cells, but 

transcriptional activation by NF-KB was significantly reduced by glucocorticoids 

regardless [129]. These data support the mechanism of direct OR protein interactions 

with NF-KB discussed in chapter 2, section II. The findings in these studies that IicB-a 

protein levels do not change with DEX treatment corroborates the same finding presented 

here in BEAS-2B cells. Another study by Heck et.al. used glucocorticoid receptors 

deficient in DNA binding activity, and showed that these mutant receptors could still 

downmodulate NF-KB activity in QE fibroblast cells [113]. These mutant receptors did 

not cause an increase in iKB-a protein levels as observed with the wild-type OR [113]. In 

addition, this study used OR ligands, unable to mediate gene repression, to show that 

activation of wild-type GR with these ligands still resulted in increased levels of IicB-a 

protein [113]. A more recent study also presented data that confirmed these results. 

Wissink, et.al. found that in A549 pulmonary epithelial cells, DEX enhanced iKB-a gene 
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transcription [130]. However, DEX could still inhibit the expression of NF-KB target 

genes in the absence of protein synthesis, indicating the induction of iKB-a gene 

transcription was not required for DEX repression of NF-KB gene activation [130]. A 

recent review of glucocorticoid and NF-KB interactions composed by several of these 

groups studying glucocorticoid antiinflammatory actions reiterated these results [131], 

Together, these data indicate that NF-KB repression by glucocorticoids and 

glucocorticoid induction of IicB-a are separate processes that can take place independent 

of each other. The results presented here also indicate that NF-KB repression can take 

place without a concurrent induction of IKB-U protein, and suggest that glucocorticoid 

repression of NF-KB signaling in BEAS-2B cells occurs through a mechanism not 

involving iKB-a. The data presented from these studies supports the data shown in this 

study. Together they demonstrate that this study's hypothesis that glucocorticoids inhibit 

GM-CSF production by blocking NF-KB signaling through over-expression of IKB-A is 

incorrect. 

Rather then examine alternative mechanisms by which glucocorticoids could 

inhibit NF-KB signaling, such as protein interactions between the GR and p65, the role of 

NF-KB in IL-lp-induced GM-CSF expression was addressed. NF-KB is an accepted 

activator of GM-CSF gene expression. In the BEAS-2B cells, transient transfection with 

an expression plasmid constitutively producing IKB-a resulted in almost complete 

inhibition of IL-ip-induced NF-KB reporter activation (Fig. 6.4). If NF-KB is a 

significant transcriptional activator in IL-1 P-induction of GM-CSF, and glucocorticoids 
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inhibit NF-KB signaling, then blocking NF-KB signaling in the BEAS-2B cells should 

result in inhibition of GM-CSF protein expression similar to that observed when BEAS-

2B cells are treated with IL-ip in the presence of DEX. Data presented in this study 

suggest this is not necessarily true. Several clonal cell lines were produced from BEAS-

2B cells that demonstrated regulated expression of the wild-type IicB-a gene (see chapter 

6, section II for details of this expression system). In the presence of the activating 

hormone, muristerone A, iKB-a protein and RNA levels were significantly increased in 

these cell lines (Fig. 6.7 and 6.8). In spite of this, the expected inhibition of NF-KB 

signaling, as demonstrated by a NF-KB reporter construct, did not occur (Fig. 6.9). 

The most obvious explanation for this result is rapid degradation of iKB-a. iKB-a 

protein is phosphorylated, ubiquitinated, and subsequently degraded by proteosomes 

[121,122,123], This occurs whether IKB-A protein is bound or unbound to NF-KB, and is 

an essential step in activating NF-KB signaling [124]. This possibility was investigated in 

this study using a mutant form of the murine iKB-A protein, termed iKBaM. IKBCM is a 

dominant-negative iKB-A protein produced from the IKB-Q gene in which critical 

phosphorylation-targeted serine residues in the amino and carboxy-terminal regions have 

been mutated to alanine residues [125]. These mutations result in an IKBOM protein 

resistant to degradation. In initial studies, iKBaM was cloned into the pIND expression 

plasmid and transiently transfected into the parent ecdysone expression line, VgRXR #4, 

and treated with muristerone A to mimic stable regulated expression. The pIND-lKBaM 

plasmid was unable to repress NF-KB activation as measured by a NF-KB-luciferase 
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reporter plasmid (Table 6.2 and Fig. 6.10). This was further examined using regulated 

stable cell lines that demonstrated significant induction of iKBaM protein in the presence 

of muristerone A (Fig. 6.11). Functional analysis showed that one of these lines, iKBaM 

#4, mediated a 50% inhibition of IL-ip-induced NF-KB activity (Fig. 6.12). It is unclear 

why the other cell line that demonstrated induction of iKBaM protein would lack 

functional activity. Regardless, this result suggests that the lack of fimctional activity of 

the pIND-LKB-a stable cell lines is in part due to rapid degradation of IicB-a protein. It is 

surprising that the muristerone A-induced IKBOCM protein, in addition to the significant 

amount of wildtype iKB-a protein present in the pIND-IicBaM stable cell lines, does not 

mediate complete inhibition of IL-ip-induced NF-kB signaling. 

One possible explanation for the results presented here is that the levels of both 

IicB-a and IicBaM protein produced by the ecdysone regulated expression system are 

simply not sufficient to completely inhibit NF-KB signaling in the BEAS-2B cells. This 

seems unlikely when DEX-induced licB-a protein levels are examined in the studies by 

Scheinman et.al. and Auphan et.al. [105,106]. In these studies, the induction of IicB-a 

protein by glucocorticoids that resulted in repression of NF-KB activity appears at best 

equivalent to the levels presented here (Fig. 6.8). In addition, the levels of IKBOM protein 

demonstrated in stable cell lines produced by Van Antwerp et.al. were less abundant than 

the levels presented here, yet mediated stronger inhibition of NF-KB activation [125]. 

These data support the expectation that both sets of regulated stable cell lines presented 

here should mediate complete inhibition of NF-KB activity. 
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Another possibility for the results presented here, is that the proteins over-

expressed to activate the ecdysone system, the VgEcR and RXR receptors, interfere with 

binding of either iKB-a or IicBaM to NF-kB. However, in the VgRXR #4 parent line, 

transient transfection with pCMV-lKB-a, a plasmid that constitutively expresses iKB-a. 

completely inhibits NF-KB activation (Table 6.2 and Fig. 6.10). This indicates that these 

proteins constitutively produced in the VgRXR #4 parent cell lines do not significantly 

interfere with NF-KB transcriptional activation. This is also supported by the partial 

inhibitory activity demonstrated by the pIND-licBaM stable cell line number 4 (Fig. 

6.12). 

The reason for the lack of complete functional activity of these regulated stable 

cell lines is not immediately obvious, and appears to be much more complicated than 

initially imagined. The more obvious possibilities discussed above have proven unlikely. 

However, it is possible that a currently unidentified simple answer exists for these results. 

The alternative possibility is that the NF-KB signaling pathway is considerably more 

complicated than the accepted model illustrated in figure 2.3. Possibly another member of 

the IKB family of proteins is dominant in inhibiting NF-KB nuclear translocation in these 

cells. In this discussion it should be apparent that the interactions between 

glucocorticoids and iKB-a are cell type specific. This may also prove to be the case with 

protein mechanisms that inactivate the NF-KB signaling pathway. 

The pIND-lKBaM stable cell line number 4, which demonstrated the ability to 

inhibit NF-KB activity by 50%, was fiirther examined for the ability to inhibit IL-ip-
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induced GM-CSF protein expression. As a negative control, the pIND-IicBaM stable cell 

line number 1 which lacked the ability to inhibit NF-KB activity, was also tested. Neither 

cell line showed any ability to inhibit IL-1 p-induced GM-CSF protein levels (Fig. 6.13). 

This was not surprising for pIND-lKBaM stable cell line number 1, but was unexpected 

for pIND-lKBaM stable cell line number 4. The most likely possiblity for this result is 

that the 50% inhibition of NF-icB activity mediated by this cell line is not sufficient to 

prevent NF-tcB activation of the GM-CSF gene. Another possibility is that NF-icB is not 

involved in the activation of GM-CSF transcription in the BEAS-2B cell line. This is 

contradicted by data presented in several studies. A KB site was described in the minimal 

promoter region of the GM-CSF gene by Schreck et.al. and Sugimoto et.al. [132,133]. 

Later work by Kaushansky et.al. demonstrated that both subunits of the NF-KB 

transcription factor, p50 and p65, could bind to this site and induce GM-CSF 

transcription [134]. These studies established NF-KB as a contributing transcription factor 

to GM-CSF gene transcription, and it is highly unlikely that this NF-KB binding element 

is either absent or non-functional in the BEAS-2B cells. In its own way, these data also 

support the idea that the NF-KB signaling pathway is considerably more complicated than 

the accepted model. 
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